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. SUMMARY 


A bibliography and a review of information relating 
to the hydrodynamics of seaplanes have been presented. 
Data end conclusions obtained from the references in the 
bibliography have been correlated to present in quali- 
tative form a summary of the status of knowledge 
pertaining to the hydrodynamics of seaplanes and to 
point out the need for further research. Characteristics 
of conventional hulls and floats are discussed to show 
the effects upon performance of changes in design 
parameters such as dead rise, depth of step, and angle 
of afterbody keel-. A separate section has been devoted 
to special problems' relating to floats for seaplanes. 
Other topics discussed Include' lateral stabilizers, 
aerodynamic and propulsive considerations, unconventional 
configurations, hydrofoils, and piloting and handling. 

‘The arrangement of the bibliography in general Is 
similar to that of. the text. References on flying-boat , 
hulls, planing stir face a, and seaplane floats, however, 
have been listed Separately In the bibliography. Refer- 
ence material pertaining to impact loads has been 
Included in the bibliography although the s.ubject has 
not been reviewed. ■ information -on experimental, pro- 
cedures used tq obtain the results' discussed in. the text 
may be found in the references In the concluding section 
of the bibliography.- ' : 


INTRODUCTION 


An Increasing demand for information relating to 
the hydrodynamics of seaplanes has indicated the need 
for a compilation of existing scattered data. The 
present report, which has been prepared in an attempt 
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to fill this need, is in the form of a bibliography and 
a brief review of the ■ subject . ■ 'Wherever possible the 
present: .status of the various phases of hydrodynamic 
research is indicated and trie need ‘for further research 
is pointed out .although an extensive treatment of the 
subject has not been attempted. Complete data and the 
detailed development of the. important conclusions may, 
in general, be found in the reports listed in the 
bibliography. In some instances, however, previously 
unpublished data and data from sources not suitable for 
reference purposes have been included. Reports that 
are not generally available for distribution, either for 
security or proprietary, reasons, are marked with an 
asterisk In the bibliography. 

The material presented herein has been organized 
In a way that isolates insofar as practical the effects 
of design parameters such as dead rise, depth of step, 
and angle of afterbody keel in preference to more general 
subjects such as resistance, stability, .and air drag. 

A list of references pertaining to impact loads has' been 
included In the bibliography although the subject has 
not been discussed in the text. Properties of both hulls 
and floats are discussed .under the heading "Conventional 
Hulls' and Floats", and soecial problems relating to floats 
are taken up under the heading "Floats for Seaplanes." 

Acknowledgment Is' made to Boeing Aircraft Company, * 
Consolidated Vultee Aircraft Corporation, Edo Aircraft 
■Corporation, and The Glenn L. Martin Company for 
furnishing copies of .engineering reports pertaining to 
flight tests.of seaplanes and. the application of the 
results of ro-dhl tests t.o design practice; The following 
members of the staff of the 'Langley Hydrodynamics 
Division gave material assistance in correlating the large 
amount of data: Joe W. Bell, John R. Dawson, 

John W. Ebert, Jr,, Leo F. Fehlner, Douglas A. King, 

Norman S. Land,, Roland E. Olson, John B. ■ Parkinson, 
and Hsnry B. Suydam. 


CONVEr-TICTAL HULLS AND FLOATS 
Over-All Proportions and Shape of Flying-Boat Hulls 

: . t 

The hull of a flying boat 1 performs the functions 
of fuselage ,' flotation gear, and landing gear. The 
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over-al'l -'proportions and shape of.a : hull result from a 
harmonious combination of the. proportions and shapes of 
the various components designed^ for each function or 
combination of functions. The over-all form is important 
in itself mainly in connection with the fuselage and 
flotation functions rather than with the detailed hydro- 
dynamic characteristics during motion oh the water. A 
hull is best designed' by taking int.o consideration its 
requirements - that- is, space for accommodation, . sea- 
worthiness, tail- length, etc. - rather- than by trying 
to fit the requirements into a preconceived over- all 
form. 

Maximum beam : . - The maximum beam of .a flying-boat 
hull is determined- somewhat by the buoyenoy .requi red and 
in transport alrol'anes by the width required for accom- 
modation of the pay- load. The beam loading is properly, 
regarded as a very important criterion and must be 
selected to suit the intended service. 

Over-all length .- The over-all length of the ‘hull 
is approximately made up of the -length of the forebody 
required for aceomr, dation ahead of the cehter of gravity 
and for adequate seaworthiness underway plus the pre- 
determined' distance from, the center of gravity to the tail 
surfaces. In contemporary hulls, the over-all . length is 
usually greater than the stun of forebody and afterbody 
lengths. The additional length is the tail extension. 

Over- all length-beam ratio . -The over-all length- 
beam ratio is fairly we-ll determined by the type and 
configuration of the- airplane.- It. is possible, however, 
to vary the ratio for the same design and still maintain 
the same degree of seaworthiness by varying the beam 
loading, the forebody -length-beam,. ratio , and the size 
of the tail surfaoes-. The effect of such a variation on 
the aerodynamic drag is included with the hydrodynamio 
effects under "Hull Loading and -Length-Beam Ratio. 11 

Height and height -beam- ratio .- The height of the 
hull is' usually .greater than that required for accom- 
modation and aerodynamic configuration in order to 
provide sufficient spray clearanoe for the propellers 
and aerodynamic surfaces. It is possible, however, to 
use different heights for different beam loadings and 
still maintain the same degree of seaworthiness. Most 
present-day multi engine flying boats are characterized 
by high beam loadings combined with high height-beam 
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ratios, and some authorities conclude that this combina- 
tion is preferable from all standpoints (reference 18 ). 

The PBY-5 (Catalina), however, is one example in which 
low beam loading is combined with low height-beam ratio 
of the hull, the. wing being carried on a pylon, yet is 
considered exceptionally seaworthy. Hydrodynamic . tests 
of a related family of powered dynamic models having - 
systematic variations in height-beam ratio combined with 
aopropriate values of length^beam ratio are required to 
determine whether there is .an optimum height-beam ratio 
for a given class of airplane. 

Tests in the Langley propeller- re search tunnel of 
two' models of flying-boat hulls have shown that the drag 
coefficient based bn frontal area decreases with an 
increase in the height of the hull for a given beam and 
length although the drag actually increases (reference i0). 
Coombes' and Clark (reference l8). have concluded from 
these data that high values of height-beam ratio are 
preferable. The data are shown in figure 1(a) as curves 
of drag coefficient based on frontal area plotted against 
height-beam ratio, along with similar data from tests of 
a streamline body *in the Langley 8-foot high-speed tunnel 
which show a similar .trend (reference 7°)« The- same data 
presented in figure 1(b) as curves of drag coefficient 
based on the two-thirds power of the hull volume plotted 
against • height-beam ratio, however, indicate a different 
conclusion. The drag coefficient based on- volume for 
model -35 is a .minimum near a height-beam ratfoof 1.2 
while the trend for the' streamline body is reversed. 

In general, it wculd.be reasonable to expect that the 
minimum ; drag for a given volume would occur near a height- 
beam ratio of 1.0. . 

Shape . - When the over-all proportions and ■ dimensions 
of t h^T hull have been determined, the drag becomes a 
function Of the detailed shape. Below the chines the 
shape must have suitable hydrodynaml c characteristics 
but oti?e rwise' should be smooth and fair in three 
dimensions for the minimum of interference to. .the flow 
of’water qr air a nd for ease of const ruction. 


Drag coefficient baaed on Drag coefficient baeed on: 

( volume ) 2 /5 frontal area 


5 


NACA ACR No. L5G28 

• i4i 


,12 


.10 


.06 


.06 


\ 



; 



*■ 4 .. . ■ 


x^^Mod 

s.i-35 fi 

yirig-boft 

t hull 

r 

=j£ 

■ 1 

•— 

So del 11- 

If lyirig- 

■ .■ 

boat hill 



M 

odel 84 

r- -o- ■ 

stream.il 

ne body 


•oii-4 


.040 


.056 


.032 


;028 


.024 


(a) Drag coefficient based on frontal area. 




Model 

35 flyin 

g-boat t 


ull 




odel 11- A 

w 
1 ■ 
o*- 

oat hull 




■ ■ 



•• ■ 




. 


• i 

-< 

i>- 

Mod 

el 84 st 

ream line 

body 


.6 .8 1.0. 1.2 1.4 .1.6 1.8 


Height -be am ratio 
(b) Drag coefficient based on (volume) 


2/5 


Figure 1.- Variation of drag coefficient with height- 
beam ratio for flying-boat hulls and streamline body. 
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As an Indication of tlie relative '’cleanness 1 ' of 
flying-boat' hulls, Hartman ' (reference lj.3) compared ' their 
drag coefficients with the drag coefficient pf an airship 
hull at tie same' Reynolds number. " The best hull with a 
tail extension had a minimum frbntal-area qlrag coeffi- 
cient of. 0.092 as- compared. with the airship drag coef- 
ficient of 0 i 052 : hence, ' if all practical considerations 
are neglected, it would.be possible to reduce the drag 
of this hull atiout h.J percent. The minimum frontal- 
area drag coefficient- of a. very clean hull _ (fig. 2 )- as 
measured in the Langley two-dimensional low-turbulence 
pressure tunnel (reference JO) was. found to be 0.080 
as compared with a .skin-friction drag coefficient 
of O.O56 at the" same Reynolds number; the increment 
not chargeable to skin friction was therefore l\2 percent 
of the total. ! 

1 

A closer estimate Of increment chargeable to the 
function of the ■ hull : as a landing gear Is given in 
reference J9, in which the minimum drag coefficient of 
a streamline hull was shown from tests In the Langley 
8-foot high-speed ttmnel to' be about 20 percent greater 
than that ..of either the straight' or the warped stream- 
line body from. which It was- derived. A similar com- 
parison was made In reference l8 which Indicated that, 
for the hull considered, ..the minimum drag coefficient 
was 22 percent greater than that of the warped stream- 
line body from which it was' derived. 

In references 18, JO, and 79 the general premise 
Is advanced that the best over-all shape for a hull Is 
one for which the departures from a streamline body of 
revolution are kept at a minimum consistent with hydro- 
dynamic requirements. Increasing the height of a well- 
faired bow has only a small adverse effect on the drag; 
Increasing the height of the stern by warping the basic 
form but holding the afterbody position fixed has a 
larger .adverse effect (reference 79 )• Warping a stream- 
line body at the stem Is shown in reference 79 to have 
no adverse effect on the minimum drag but increases the 
angle of minimum drag as would be expected. In refer- 
ence 18, however, warping the tail of the streamline 
body is said to increase the drag 13 percent, presumably 
at' the same -angle of attack. 

In reference hfi 'the beneficial effect of a rounded 
• deck for the same' frontal area is estimated to be a 
reduction In minimum drag of 2T, 23, and 26 percent. 




Feet 

Figure 2.- Conventional flying boat for transport 
service with hull designed for low air drag 
(reference 7°)» 
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respectively, for the three models considered. The 
increase in drag attributed -to the windshield is small. 

The available data on the effects of proportions 
and shape indicate that careful design and attention 
to the shape of the hull are essential in order to keep 
the parasite drag at a minimum. The added drag of 
properly arranged chines and steps becomes of the same 
order of magnitude as that dujs to roughness and 
unavoidable protuberances on the actual hull. Radical 
departures from the form; for minimum drag or forms having 
excessive surface are# will not, in general, be desirable 
for high-performance airplanes regardless. of their 
hydrodynamic advantages (reference 7°)» (Fig. 2 shows 
•a flying boat of conventional arrangement for transport 
service with a low-drag hull having suitable hydro-... 
dynamic charact’erFstlcs for a ..gross weight" of about 
120,000 lb. y 


Hull Loading . and Length-Beam Ratio 

The loading of a flying-boat hull or a seaplane 
float is usually expressed, in terms of load coeffi- 
cient C^, which is based upon beam as the charac- 
teristic dimension. Load coefficient provides a good 
scale for the load on hulls having comparable length- 
beam ratios and for any hull in the planing condition, 
in which wetted length is a dependent variable. At 
low speeds, however, when the bow of the hull is wetted, 
load coefficient loses' most - of its significance in the 
comparison of hulls of different length-beam ratios. 
Beoause of the close relationship between load coeffi- 
cient and length-beam ratio, it is necessary to consider 
both variables in discussion of the load-carrying 
capaoity.or the performance of hulls at low speeds. The 
length_and beam of the forebody are considered the most 
important dimensions because the dimensions of the after- 
body must be made approximately in proportion 'to those of 
the forebodyV . 

Effects of load with hull proportions- held constant . - 
The effects of load have been investigated in numerous 
general tests of flying-boat hulls and in overload tests 
of most specific designs. Data from these ..sources show 
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the effects of load on the performance of flying-boat 
hulls of conventional shape and proportions. Increasing 
■the load coefficient . 

(a) reduces load-resistance ratio A/R at hump 

speed 

(b) increase's A/R at speeds near get-away 

r 

(o) raises both the upper and lower trim limits 
of stability 

(d) usually decreases the range of stable locations 

of the center of gravity 

(e) increases difficulty of directional control at 

low speeds (Several cases are known in which 
the load of a flying boat has been limited by 
directional instability.) 

(f) increases the height and intensity of spray 

Length- be am ratio .- A criterion relating the gross- 
load coefficient <5 Ao of a flying-boat hull~to the length- 

beam" ratio of the forebody has been established by 
analysis of the soray characteristics of existing flying 
boats (reference 69 ). This analT-sis shows that the load 
capacity of a hull of conventional proportions varies 
with the first cower of the. beam and the second power of 
the. length of forebody. The maximum, gross-load coeffi- 
cient for the hull of a multiengine flying boat may be 
determined by the following expression: 



where Lf is the length of. forebody, 'b is the beam, 
and 'k is 1 a nondimansional- criterion ranging from O.O 525 
for huULs with Ught spray to 0.0975 hulls with 
excessive spray. 

In references 17 and 18 it' was' assumed that uniform 
seaworthiness : may. be maintained, by. varying loading so 
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that the draft of tile maim step at rest remains a con- 
stant : proportion- of the length of the forebody of • the 
hull. Prom data in these reports for over-rail length- 
beam ratios from 5*5 to 10.0, the following expression 
may be obtained: 




The approximate relationship 




has also been supported by Davidson and Locke (refer- 
ence 20) . on the basis of conclusions reached in .general 
tests. Tests made in Langley tank no. 1 (reference 8) 
have shown that holding . 0^ o proportional to L/b gives 

very conservative loading .at high values of L/b, 

Resistance data from systematic investigations ' of 
length-beam ratio are available in references 8, 17 , 
lo, 20, 91> and 1^3- The effects of length- be am ratio 
on the trim limits of stability are Included in refer- 
orice 20. These references include data on spray with- 
out power, or notes on observations of spray, but no 
systematic- spray investigations have been made with 
powered models of different length-beam ratios. 

When the load of A hull is held constant and the 
length-beam ratio is varied b’y changing length or beam, 
the effects of .length -be am ratio are usually obscured 
by the effects of changing the size of the hull. In 
variations of this type, the effects of increasing 
length or beam are in the same direction as those of' 
reducing load "without changing dimensions. The effects 
of increasing the length of a powered dynamic model', 
have been reported in reference 1^9. 

Analysis of ' data from references 8, 20, and ll\3 ■ 
indicates that when Ca q is proportional to (L/b)^ 
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the spray and^ resistance characteristics are not 
-Impaired, i-f 'length-beam’ ratios • are ' Increased from 5*5 -- 
to 10.5 • Frcm the same' analysis the lengthrbeam ratio ■- 
for optimum .resistance characteristics depends upon the.-- 
lines of the hulls' considered. - There Is some Indication .- 
that the ratio of over-all length to beam beyond which.- 
no further gain is obtained In hydrodynamic characteristics 
is between 9 and' 10' (inferences 17 and- l8). The best 
trim at the , hump decreases as lengths be am ratio. Is- - 
increased/' It has been Shown that the - stable range of. 
trinf is .reduced with increasing length-beam ratio,-, (refer-, 
ence 20).’ Recent tests of a family of models derived'. 
from the proportions 'of ', the XPBB-1 airplane indicated, 
that the stable range of center-of -gravity locations was . 
about the same for a length-beam ratio of 9 as for the- . 
basic .value of 6.3. The principal advantage of high 
length-beam ratio appears to be that of reducing length- 
beam product and thereby reducing the size of the hull. 

' .De-ad - Rise •' 

* . " , h ’ 

For" most present-day flying boats of American design, 
the angles of dead rise measured adjacent to the fore- '' 
body koel near the step lie between 20° and 25°. Some 
recent British designs- employ an angle of dead rise of 
as much as 30° (reference 35 ) • - Angles within the. range . 
of 20° to 30° probably represent the best compromise for . 
over-all performance. 

Data on the effect of dead rise are available from 
tests of hulls and floats -(references 11, l8, 22, 23# 

26, ll}.0, lk-3, and 25I1-) and from tests of planing surfaces 
(references 108,109, ll6, and 119). These data are in 
general agreement on most of the effects of dead rise. 
Increasing- the angle of dead rise " ’ ' 

(a) -ha.s little effect- on .hump t resistance in the;. 

range from -15° to 3°° ■' 

(b) increases resistance at speeds . above hump ' speed.'. 

(c) increases positive trimming, moment at planing 

speeds 

(d) raises the JboWer trim limit of .stability . 

(e) reduces the impact loads 
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It is belie'ved- that' increasing the angle of dead rise 
raises the .upper trim limit of stability, as indicated 
In references 23 and 108, but reference 22 shows a 
slight lowering of the upper limit with an increase 
from- 20° to 30° in ahgle Of dead rise. 

Increasing the angle of dead rise within the 
range of 15° to 30° generally reduces the spray but 
tests with planing surfaces (reference 119) indicated 
an Increase in spray with Increasing angle of dead rise. 
Model tests of a flying-boat hull with.- slightly arched 
cross sections (negative angle of dead rise) showed 
excellent spray characteristics and low resistance 
(reference 3)* 

• ■ 

The avai'lable information on the effect, of angle 
of dead rise on air drag Is limited' and Is not In 
agreement. Langley wind-tunnel tests of three sea- 
plane floats having angles of dead rise of 20°, 25°, 
and 30° (reference lJ+0) show Increasing air drag with 
increasing angle of dead rise, while a British' com- 
pilation of data (reference lp) Indicates that air 
drag decreases with Increasing angle of dead rise. 

Tests of powered. dynamic models of a flying boat 
(reference 23) indicate .that the landing stability Is 
improved by Increasing the angle of dead rise from 20° 
to 25°. 


' Forebody 

Bow.- Compromises In the shape of the bow are 
frequently- made to accommodate bombardiers » windows 
or armament In military designs and may be made to 
favor seaworthiness, air drag, or simplicity of con- 
struction. In general, however, certain principles 
should be followed In order to provide seaworthiness 
and resistance characteristics consistent with opera- 
tional requirements, vyith a minimum of departure from 
the best aerodynamic form. For a hull that is devel- 
oped about a streamline body of revolution, the air 
drag will be at a minimum If the chines are located In 
planes passing through the- axis of the basic body of 
revolution (reference 79 )« (See fig. 3 ») 




Axis of warped 
streamline body. 
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Effects of changes in the shape of the how are 
summarized as follows: 

(1) Insufficient buoyancy forward results in low 
trim and excessive how spray at low speeds (refer- 
ence 79). 

(2) increasing the ^fineness"' of the how below the 
chine reduces how spray (references 55 and 79 )• 

(5) Increasing the height of the how increases the 
air drag (references 79 and 139 )• 

(J4.) Rounding the ! chines (in cross section) at the 
bow will severely increase the how spray and will reduce ■ 
the air drag at large or low angles of -.attack (refer- 
ence 79). At angles near those for the minimum drag of 
a suitably designed hull, rounding the chines has no 
significant effect on the air drag (references 58 and 79) • 

Longitudinal curvature of planing bottom .- It is 
generally considered desirable that the fore body bottom 
have no longitudinal curvature for 3ome distance forward 
of the main step. A rough rule often quoted Is that the 
buttocks should be straight and parallel for about 
1.5 beams forward of the step in order to obtain 
satisfactory spray, resistance, and’ -stability charac- 
teristics (reference 7°)- 

The more signlf leant effects- of longitudinal 
curvature of the planing bottom near the step are: 

(1) Convex curvature of the buttocks causes negative 
pressures at planing speeds that may significantly reduce 
dynamic lift and impair the efficiency of. the hull 
(references 68, 90* and 91.) • 

(2) Longitudinally concave buttocks have little 
effect on hump resistance but reduce the resistance 
and volume of -the spray *at high speeds (references 67 
and 119). 

(3) Concavity that Is localized near the step In a 
length of the- order of one -half the beam or less may 
cause extremely severe instability, (references 12 and 6l). 

Warping of bottom surfaces of forebody .- Systematic 
investigations of warped planing bottoms having straight 
buttocks have been reported in references 22 and 55* 



NACA ACR No. L5G28 


15 


• • . . » • ■ a , * f I .■ 

Warping -the - , forebody., bb.ttom (dead rise’ increasing toward 
the bow) lowers ’ the. lower trim limit of stability" but ' 
the change at speeds just beyond the’ hump is; relatively 
small. This lowering of the., lbwer trim limit is 
accompanied by a. lowering of the' trim triable, which may 
result in a change in the stable range of center-of- 
gravlty positions... The upper trim limit is lowered 
slightly but not as much as;, the’ .lower limit. Increasing 
the. warping increases the . resistance at the, hump and at 
high speeds. The boW spray is improved somewhat by 
increased warping, but it is also shown in references 55 
and 79 that by confining the warping to the forward 
portions satisfactory bow spray characteristics may be 
obtained without compromising the planing characteristics. 

Chine flare .- Teqts of a large number of variations 
of chine flare (reference 9) have shown that good spray 
characteristics may be obtained with flare on the planing 
bottom confined to a width of about 8 percent of the beam 
and ending with a horizontal' or slightly downward direc- 
tion at the chine. Wide variations in the width, radius, 
or final downward angle of the flare, however, cause 
relatively small .differences in .the spray or resistance 
characteristics. Chine flare reduces the height of the 
forward part of the spray where the spray leaves the model 
above the water, level but has little effect on the spray 
where the chine of the model is below the water level. 
Chine flare has little effect on resistance at the hump 
and at speeds near get-away; but the addition of chine 
flare, by reducing tpQ height of the chines above the 
keel, causes a slight reduction in resistance at speeds 
just beyond .the hump. China flare has little effect on 
the air drag of a hull if the chined are located approxi- 
mately along the natural lines of air flow (reference 79 )• 

External chine strips .- Chine strips may take the 
form of ' relatively thin projections extending outward or 
downward from the chines (references 25, b 3 t 
li^.0, and 256) or of sponsons, as shown in figure ij., that 
increase the beam and have a depth approximately equal 
to the width (references I4.9 and 60). Strips are some- 
times incorporated instead of qhine flare to improve 
the spray characteristics without involving complicated 
construction. In most cases, however, external chine 
strips of either type are added to improve the hydro- 
dynamic performance of overloaded hulls or hulls with 
insuff iolent chine flare. 
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Strips having a width of about 3- percent, beam, and 
downward- ang les of 10 ° to 1 l 5 ° Improve the spray .ohar -7 ■ 
acterl'stlos -find cause some reduction in. resistance 
(references. k5» 98, ahd 25<S)« Wind-tunnel .tests have 
shown, however, that such strips Increase the air drag" 
of hulls by • 8 to 20 percent (references , lL. 0 , and 256 ) • 

Sponsons on. the bow'and the .forward, portion of the 
forebody have been used to control tht spray of. heavily 
loaded hulls (references k9 and 60), ' Ko.de 1 arid full-size 

i t 



Figure k', - Sponsons extending 
outward and downward. 


tests have indicated that sponsons greatly Increase the 
overload capacity of flying boats by reducing, the bow 
spray at heavy .loads. Like the thinner chine strips, .. 
the ' sponsons significantly Increase the air drag' and are 
suggested for- use only when it Is necessary to increase 
the load-carrying capacity of an existing hull.'. .Recent 
tests (reference k 5 ) have shown that vertical spray strips 
-projecting -about 3 percent of the beam downward- from the 
.chine' (fig.*- 5 )- are about as effective as sponsons in 



■ Figure 5 .- Spray strips extending vertically 
downward from chine. 


NACA ACR No. L5G28 


17 


controlling spray... Information regarding the air drag 
of vertioal stripe is not available and the value “of" 
retracting this type of spray strip is questionable. 

Longitudinal steps .- Longitudinal steps oombined 
with flat surfaces having little or no dead rise were 
used on the forebodies of a number of flying boatB some 
years ago. This type of bottom. In contrast with a 
conventional V-bottom, increases the resistance at low 
speeds and decreases the resistance at speeds near get- 
away (reference Jj.) • Apparently no data. are available 
regarding the effect of an arrangement of this type on 
dynamic stability. 

One model has been investigated to determine the 
effect of reversed lap strakes, similar to the clinker- 
built arrangement of ship planking (fig. 6), added to a 
planing bottom of the fnrebody of conventional form and 
proportions (unpublished data). Resistance tests were 
made of the model complete with a conventional afterbody. 



Figure 6.- Arrangement of longitudinal steps for 
NACA model 20lj.. Depth: of longitudinal steps, 
1 percent of beam. 


These strakes had negligible effect on the resistance 
at the hump but caused some reduction in resistance at 
higher speeds. The spray from the model with lap strakes 
was raore finely broken up than that from the parent model 
but had about the same volume and height. The effect on 
dynamic stability has not been investigated. ■ 
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Another variation of longitudinal steps has been 
tested on a powered dynamic model (reference 6l). This 
modification consisted of a triangular strip on either 
side of the planing bottom forward of the step, as shown 
in ’figure 7» A depth of step of 11. 5 percent of the beam 



Figure Triangular strip added to 
planing bottom. 


was required for adequate landing stability without the 
longitudinal steps. Longitudinal steps of the dimensions 
shown provided adequate landing stability when used in 
conjunction with a depth of step of 5 percent of the beam. 
It was also found that longitudinal steps of the same 
type but of larger size provided adequate landing stability 
with a depth of step of as little as 2 percent of the beam. 
With this configuration the strips had a cross-sectional 
area equivalent to an increase In depth of step of less 
than 1 percent- of the beam so that the combined cross- 
sectional area of step and strips was less than half ■ 
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the area normally required for sufficient ventilation. . 
during take-offs and landings; 

Fluted bottoms « - Model tests (references 25 and 2 6 I 4 .) 
have indicated that the substitution of a fluted bottom 
(fig. 8) for a conventional V-bottom causes some reduc- 
tion in spray and a reduction in resistance at high speeds 
but causes little change in resistance at low speeds and 



at the hump. The effects of flutes on dynamic stability 
have not been investigated but no adverse effect has 
been observed on full-size application. The principal 
advantage of flutes appears to be that of improving the 
structural efficiency. 

Bottom roug hness.- The increase in friction ooef- 
fioient jf a planing surface with rivet heads Is directly 
proportional to t'ne height of the rivet head above the 
surface. The order of merit of commonly used rivet heads 
in relation to low water resistance is: flush countersunk^ 

oval countersunk, brazier, and round (reference 101 ). 

With a -^—full-size seaolane model, the increase in 

3-5 

total water resistance caused by round-head rivets varied 
from 5 to 20 percent at hump speed and from 15 to I 4 .O per- 
cent at high speed.- The use of round- head rivets 
increases the total air-plus-water resistance of a single- 
float seaplane less than 5 peroent at hump speed but as 
much as 25 percent at high speed. If the total resistance 
is calculated by Froude's law, it is found to be 2 percent 
higher at hump speed and 8 percent higher at planing speeds 
than that calculated by taking into account the effeot of 
scale on frictional resistance (reference 138 ). Con- 
siderable difficulty has been experienced by service 


20 


NAG A AGR No. L5G28 


organizations in maintaining watertightness with flush 
rivets of the type currently in use. 


Afterbody 

A primary function of the afterbody is to provide 
buoyancy and planing area aft- of the center of gravity 
so that trims at rest and at low speeds are acceptable 
for practical operation. At speeds Just before the 
hump and at hump speeds, the dynamic lift developed by 
the afterbody planing surface is one of the principal 
forces that controls the trim and, therefore, the water 
resistance. At planing speeds, the spray that strikes 
the afterbody Increases the water resistance and changes 
the trimming moments. Take-off and landing Instabilities 
that occur at high speeds and trims are associated with 
the position and form of the afterbody. 

In general, changes in the afterbody that increase 
the afterbody clearance increase the static trim. Increase 
the hump trim and resistance, decrease the high-speed 
resistance, shift the peak of the lower trim limit to 
lower speedB and higher trims, and also raise the upper 
trim limits. The trim tracks (variation of trim with 
speed) are shifted in the same direction that the trim 
limits are ohanged. In tests at the Langley tanks, no 
combination of conventional fore body and afterbody 
planing surfaces has been found that eliminates either 
the lower or the upper trim limits of stability or that 
suppresses the upper trim limit at high speeds. 

Afterbody length .- An Increase In afterbody length 
lowers the lower trim limits of stability at hump speed 
and lowers the upper trim limits (references 21, 22, 2J, 
k8, 6l, and 100). For a given depth of step and angle of 
afterbody keel, landings are more stable with a short 
afterbody than with a long afterbody (references k8 and 6l). 
The depth of step required for the landing stability of 
a model with an angle of afterbody keel of 6.2° was 
approximately 8 percent beam for an afterbody length- 
beam ratio of 1.7 a nd approximately 13 percent beam for 
*an afterbody length-beam ratio of 3 *2 (unpublished, data) . 

An increase In afterbody length without any change 
In forebodv length decreases the hump trim and resistance 
(references 21 and 22) and may sometimes Increase the 
spray in the propellers. Experience has shown that . 
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decreasing the trim reduces spray -In the region of the 
flaps (reference 23)1 The tests described in reference 23 
indicated that an increase in the length of the after- 
body decreased but did not remove the directional insta- 
bility at low speeds. 

Angle of afterbody keel .- An increase in the angle 
of afterbody keel raises the lower trim limits at low 
speeds and raises the upper trim limits (references 21, 

22, 1+3, 93* and 100). For a given depth of step and 
length of afterbody, landings are more stable with a low 
angle of afterbody keel than with a high angle of after- 
body keel (reference 1+8). The depth of step required for 
landing stability of a model with an afterbody length- 
beam ratio of 2.7 was approximately 9 percent beam for an 
angle of afterbody keel of l+-.8° and approximately ll+ per- 
cent beam for an angle of afterbody keel of 9*3° (unpub- 
lished data). For some comparisons involving changes in 
both depth of step and angle of afterbody keel, the angle 
between the fore body keel and a line Joining the step and 
stempost, called the stempost angle, is a useful 
parameter (reference 22). 

In tests of three series of models (references 1, 

11, and 79) 311 increase in angle of afterbody keel 
fram'J+° to 9° increased the free -to- trim hump resistance 
approximately 25 percent and the best-trim hump resistance 
approximately 15 percent. 

Low angles of afterbody keel decrease the statio 
trim, increase the tendency for spray to come over the 
bow at very low speeds (reference 55 a* 1 *! decrease 
the hump resistance at low speeds (reference 11). 

Aerodynamic drag measurements (reference 1+3 ) indi- 
cate that differences in drag are practically negligible 
for angles of afterbody keel of 6° or less. At larger 
angles the aerodynamic drag increases appreciably. 

Afterbody warping .- Effects of systematic changes 
in warping have not been extensively investigated. From 
the more or less isolated investigations that have been 
made the following results are of interest: 

(1) Warping in a manner that decreased the angle of 
dead rise at the stempost reduced the hump trim and 
resistance (reference 79 )• 

(2) Warping in a manner that Increased the angle of 
dead rise at the stempost from 0° to 30 ° » with straight 
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buttock lines, raised the lower trim limit at hump speeds 
and raised the upper trim limits (references 21 and 22). 
increasing the angle of dead rise at the stempost of a 
dynamic model from 20° to 30° raised the lower trim limit 
at lew speeds, did not affect the upper trim limits 
except at low speeds, and slightly reduced the yawing 
instability at speeds below the hump (unpublished data 
from Langley tank no. 1). 

(3) Increasing the angle of dead rise to a maximum 
near the midlength of the afterbody has not significantly 
affected the landing stability of models (references 23 
and 6l). It should be noted that tests of a full-size 
flying boat (PBM-3) with an afterbody having this type 
of warping showed satisfactory landing stability with a 
depth of step of 5 percent of the beam and a load coef- 
ficient of 0.8 (reference 3b-) • Whether the warping con- 
tributes to the satisfactory characteristics Is not yet 
established. 

Afterbody plan form .- The plan form of the after- 
body appears to be of secondary significance In resistance 
and porpoising characteristics compared with the length 
of afterbody, angle of afterbody keel, and angle of dead 
rise. Changing from a pointed plan form to one with a 
transverse second step had no significant effect on the 
hump resistance (reference 9)» reduced directional 
instability at speeds below the hump (references 23 
and 73 )» and Increased the air drag (reference 18). 
Modifying a pointed afterbody to form a cusped plan 
form reduced the unstable yawing moments at speeds below 
die hump (reference 10). 

Afterbody chine flare .- Afterbody chine flare 
increases the dynamic lift of the afterbody and reduces 
both the hump trim and hump resistance (references 21, 22, 
and 79 )• If the spray does not break clear at the after- 
body chines, suction forces may develop that increase 
both the hump and high-speed resistance (reference 7°)« 
Under these circumstances, the use of ohine flare is 
advantageous and will reduce the landing instabilities 
(unpublished data). 

Position of Center of Gravity and Location 
of Main Step 

Preliminary design .- It has been suggested (refer- 
ence 2b) that the center of gravity be located on a line 
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passing through the step and inclined between 15° and 25° 
forward of a line normal to the forebody Keel. Tests of 
powered models of current design indicate that a range 
from 10° to 20° may bg preferable. If the plan form of 
the step is other than transverse, the centroid of this 
plan form may be used as an equivalent location (refer- 
ence 100). Reference JO suggests that with the airplane 
approximately in a stalled attitude the center of gravity 
should be directly above the step. For airplanes with 
abnormally high angles of stall, the maximum trim expected 
in landing may be more applicable than the trim at stall. 

Effects upon dynamic stability .- Variation in the 
position of the center of gravity has negligible effect 
upon the trim limits of stability (references 100 
and 106) but has a large effect upon the trim tracks and 
consequently upon the probability that porpoising will 
be encountered. A forward movement of the center of 

f ravity lowers the trim track, and lower-limit porpoising 
low angles) may be expected at speeds just above the 
hump. An after movement of the center of gravity raises 
the trim tracks, and upper- limit porpoising (high angles) 
may be expected near get-away. Instabilities while on 
the water may therefore limit the range of positions of 
the center of gravity that can be used for take-off. 

The most forward position of the center of gravity 
at which a flying boat can operate is generally limited 
by aerodynamic requirements for control and hydrodynamic 
requirements for stability. The main step is best 
located so that the hydrodynamic requirements for stability 
are met at the most forward position of the center of 
gravity at which the flying boat will operate. The main 
step must be located so that, with the center of gravity 
of the flying boat at its most forward position, lower- 
limit porpoising can be avoided during take-off. In the 
event that porpoising does occur, positive trimming moment 
(up elevators) should be available for increasing the trim 
to angles above the lower trim limit. This procedure has 
been used for locating the position of the step during 
tests In the Langley tanks (references 10, h.J, 60, 6l, 

65 , and 100 ) . 

Relocation of step to improve stability of model or 
full-size airplane .- If model or~ flight tests Indloate 
that the most forward position of the center of gravity 
which is stable for take-off does not coincide with the 
position required from aerodynamic considerations, the 
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looation of the step or of tbs wing may have to be 
changed. If relocation of the wing is impractical, the 
step should be moved approximately l.J times the distance 
the position of the center of gravity for take-off must 
be shifted. The factor 1.3 is the ratio of the gross 
load of the airplane to the approximate load on the water 
at speeds and trims at which lower-limit porpoising ooours. 

Because of the angle between the forebody and the 
afterbody, a forward movement of the step results in a 
reduction in the depth of step that may impair the landing 
stability. A vertical displacement of either the forebody 
or the afterbody planing surfaoe is then required in order 
to maintain adequate depth of step. An after movement of 
the step results in an Increase in the depth of step 
which may cause a slight increase In the hump trim and 
resistance but which also tends to increase the landing 
stability. A forward movement of the step therefore is 
likely to be more costly and difficult than an after 
movement of the step. In preliminary design, it Is 
desirable to favor a forward position of the step If 
further modifications are anticipated. 


Depth and Form of Main Step 

Depth of step .- An increase In depth of step raises 
the lower trim limit at low speeds, raises the upper trim 
limits, and reduces the violence of upper-limit porpoising 
(references 21, 22, 62, 71» 100, and lQo). High negative 
pressures occur on the afterbody just aft of a shallow 
step during landing and high-angle porpoising (refer- 
ence 78 ). An Increase In depth of step Increases the 
landing stability by relieving these suction forces 
(references kl » 49* ?1, 78, 95, and 100). Landing 
Instabilities of models of two airplanes were investi- 
gated In the Langley tanks and in both Instances increases 
in depth of step resulted In satisfactory landing char- 
acteristics. A similar increase in depth of step of the 
full-size airplane was accomplished by an after movement 
of the step, and satisfactory landing characteristics 
were obtained for both airplanes (reference 71 )» 

Increase in depth of step increases the hump trim 
and resistance and decreases high-speed resistance 
(references 7» 21, and 22). The aerodynamic drag of 
the hull is Increased 10 to 15 percent by the presence 
of the step (references 18 , 23 , and lf 3 ) and the drag 
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of a transverse step Is approximately proportional to 
the area' of the rise of the step ( reference-^)* 

Exceptionally stable landings of a model have been 
obtained with the depth of step reduced to zero (refer- 
ence 13 ) . 

Ventilation of the step .- In the absence of adequate 
depth of step for landing stability, the use of ventila- 
tion ducts just aft of the step and as. near the keel as 
possible has been successful on models (references l\. 7 , 

4-9» 71 # 78 , 93. 100, and 2lj.3) and on full-size airplanes 
(reference 2 I 4 . 3 ). Ventilation does not affect the lower 
trim limit of stability but raises the upper trim limits 
slightly (references ij. 7 , k-9t 7^, and 100). UShen a shal- 
low step is used, ventilation Is also effective In 
reducing a resistance peak that occurs just before hump 
speed (reference 27 ). Ventilation apparently has no 
effect on directional stability (reference 10). 

Step fairings. - In an effort to reduce the aero- 
dynamic drag attributed to the presence of a step, 
fairings have been used aft of the step. Results of 
tests in reference l8 indicated that the step drag was 
practically eliminated by a fairing extending back six 
times the depth of the step. Pairings leaving half the 
depth of step were less effective while concave fairings, 
extending back five times the depth of step, saved only 
one-sixth of the step drag. Tests reported in refer- 
ences 37 and 58 showed similar reductions in air drag by 
use of step fairings. The addition of a step fairing to 
one of the Short Brothers flying boats (reference 260) 
increased the top speed by approximately 5 miles per hour. 

The most notable' use of step fairings Has been on 
the Short Sunderland flying boat, which has a step that Is 
V-shape in plan form. The hydrodynamic stability In take- 
off and landing Is in general affected adversely by the 
addition of a fairing to a conventional hull although the 
characteristics of the Sunderland In this respect appear 
to be satisfactory (references 1 I 4 ., 18, and 35 )• Tests of 
a powered model In Langley tank no. 1 (reference lij.) indi- 
cated that when a fairing is added to a conventional 
transverse step the use of ventilation Is advisable in 
order to obtain satisfactory stability. More recent tests 
(unpublished) of a model with a faired V-shape step indi- 
cated that satisfactory stability may be obtained without 
ventilation and that further investigation of the effects 
of plan form of the step and camber of the fairing would 
be desirable. 
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Plan form of step .- A transverse step Is the simplest 
form of step and has Seen used on most flying boats and 
seaplanes. Other plan forms of step, however, have been 
used on full-size airplanes or tested on models. Some 
of these f orais are shown in figure 9* The effeot of 



change in the plan form of the step on the landing 
stability cannot be isolated because the landing stability 
is so closely associated with the depth of step. Tests 
described in reference 77 indicate that, with the same 
depth of step at the keel, the landing stability of a 
model with a transverse step and with a 30° V-step are 
comparable. 

The lower trim limit is not greatly affected by 
changes in plan form of the step (reference 100) but in 
all probability the upper limits will be shifted in the 
direction expected from the change in the depth of step. 


Side Steps and Skegs 

¥!hen operating at overloads, several present- 
day flying boats are directionally unstable at low 
taxylng speeds. Unstable yawing moments are Increased 
by the flow of water over the sides of the afterbody and 
tall extension. The directional control available by 
throttling engines on one side lowers the reserve thrust 
and increases the time of operating in the yawing region. 
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One means of reducing the direotional instability by 
breaking the undesirable flow is by use of vertioal steps 
on the sides of the afterbody. Such steps reduced 
unstable yawing moments on a model and were successfully 
used on the full-size airolane (reference 82). The . 
directional instability of a model was reduced more 
effectively by multiple side steps than by a single 
side step (unpublished data). 

The addition of skegs to the afterbody and tail 
extension reduced unstable yawing moments. As the speed 
increased, the effectiveness of the skeffs decreased as 
they oeme out of the water (reference 7t)* Several 
arrangements of skegs on the full-size airplane were 
tried, and the results obtained were similar to those 
observed for the model. It should be emphasized that 
skegs, steps, and spoilers may substantially reduce the 
unstable hydrodynamic moments but may not be completely 
effective in. stabilizing an airplane in which rotation 
of the slipstream contributes an additional yawing 
moment. 


Tail Extension 

Although the function of the tail extension of a 
flying boat is similar to that of tbe tail extension of 
a comparable landplane, the additional problems introduced 
by the flow of water over the tail extension and the 
necessity for spray clearance complicate tbe design. The 
flow of water over the tail extension may increase the 
violence of upper-limit oorpoising, may Introduce landing 
Instability at high trims, may Increase the hump trim and 
resistance, and may contribute to directional Instability. 

The addition of a planing surface or spray strips 
on the tail extension may be necessary to prevent excessive 
wetting of ths horizontal tall surface or tail turret 
(references 74 and 79)* The olaning action of the tail 
extension may decrease the hump trim and resistance by 
developing dynamic lift (references 59 and 79 )• 

Although the flow of water over the tail extension 
may contribute to the directional Instability at low speed, 
the removal of the tail extension does not eliminate hydro- 
dynamio directional instability (references 25 and $ 6 ). 

Aii Inorease in vertical clearance of the tail extension, 
a negative-dihedral hydrofoil on the tail extension, and 
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an Inverted-V cross section on the tall extension were 
tested on a model and found to he only partially effective 
in count erecting yawing tendencies (unpublished data). 

A planing surface on the tall extension of a model caused 
no reduction in unstable yawing moments and Increased the 
range of speeds over which they occurred (reference 7^4-)* 


FLOATS FOR SEAPLANES 


Much of the preceding discussion relative to hulls 
is also applicable to seaplane floats. In particular, 
the planing areas of hulls and floats are generally 
similar. The discussions of the geometric parameters 
of hulls relating primarily to stable planing motions 
will therefore not be repeated in the sections on floats. 
In the design of . floats special: considerations arise from 
the lower reserve buoyancy, the relatively greater distance 
from the center of gravity to the keel, and the absence 
of a tail extension. For twin-float designs an additional 
consideration is that the distance between the floats must 
be ohosen to insure transverse static stability. 

Over-all proportions and shape .- Adherence to the 
requirements fair longitudinal static stability usually 
results In length-beam ratios for floats that are larger 
than those customarily used for flying-boat hulls - 
averaging about 7. 35 for float seaplanes as compared 
with 5*27 for hulls (from tabulations In reference 57)* 

The average length-beam ratio currently used for twin 
floats appears to be somewhat greater than that for single 
floats. 

The shape of the bow of a float should be generally 
similar to that of the hull, but the low height-beam 
ratio restricts the possible variations in the shape of 
the bow of a float. Lines of representative floats are 
included in references 123, 139* ll+O, and 143 * together 
with data regarding the aerodynamic and hydrodynamic 
characteristics of a wide range cf changes in shape of 
the bow. 

Dead rise .- The effects of changes in dead rise are 
generally the same for both hulls and floats. Aerodynamic 
and hydrodynamic data are presented In reference lL.0 for 
floats having angles of dead rise of 20°, 25 °, and 30 °« In 
American practice the average dead rise for floats appears 
to be higher than the dead rise for hulls (reference 57)* 
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Statics . - It -has been, the practice in float design 
to 'fix tile volume, of the floats sq that the buoyancy is 
-some predetermined percentage of the gross' load, varying 
-between 180 and 200 percent (references 120 and 121). 

In any case there should be enough excess buoyanoy to 
prevent- the vbov- from submerging at low taxying speeds, 

A large' excess buoyanoy allows a lower and more stream- 
line . foiro of, ;$pw to be used.- The high engine torque 
inherent -gaping seaplanes created^sueh an eccentricity 
of loading -in . j5he -case- .of the S.5 (reference 256) that it 
was found necessary tp ma\?e one float larger than the 
other for satisfactory- qpray characteristics, 

1 • • ! / | ■ i 

The length of floats must be sufficient to assure 
static longitudinal stability. According to refer- 
ence I5U , the longitudinal raa,t aeon trie height GM for 
either single or twin floats- is' gi'veh with sufficient 
accuracy by the empirical equation- 

' 4 

■ K 2 nBL3 * \ . 

- • • •. * ■■ -gm = ’ — : — r . ■ ■■ • 


where 

*■ 1 * • r 1 
n number of floats (that, is, one or two) . 

B ■ beam nf each float, feet 

L over-all length, feet ■ 

A gross weight of seaplane, pounds 

K g a constant normally varying between 1.90 and 2.1+0 

with an average value of 2.10 - 

The Canadian requirements ( reference. 120) fop twin-float 
seaplanes specify that the longitudinq^ raetaoentrio height 
shall not be lesc than 

where ■ D ip.thj total displacement of . the seaplane in 
cubic -feet. As the reserve buoyancy .is determined from 
other considerations, the ■ requirements, for static longi- 
tudinal stability indicate that -the lengjth»-beam ratios of 
twin- float arrangements will be larger than those of 
C ingle- float arrangements. Single-float seaplanes have 
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length-beam ratios varying from 5 to 7 while twin- float 

seaplanes have length-beam ratios varying from 7 to 8^- 
(■reference 57)* 2 

Effeot of spacing between floats .- Tests of a model 
of the S. 5 .twin-float seaplarie t reference 256 ) show 
increases in resistance with float spacing up to 20 per- 
cent, apparently caused^ by heavy spray wetting the tail 
plane and other parts of the structure. Unpublished 
data from Langley tests for'spacings ranging from 2 to 
5 beam lengths, keel to' keel, showed small differences 
in resistance that were almost within the accuracy of 
measurement ; 

• • t f • .... . ■ . . 

Air drag of floats .- Results' of wind-tunnei tests 
of seaplane floats show that the fomof the bow strongly 
affects the minimum drag- and the variation of drag with 
angle of pitch. The. angle of afterbody keel affects the 
angle of minimum drag and is of practical significance in 
the ohoioe of a configuration for which the minimum drag 
will ooour within the desired range of flying speeds 
(reference 159). 

Tests of a full-size float seaplane in the Langley 
full-scale' tunnel* ( reference ill 5 ) indicated that the 
maximum speed would oe. increased from 3^7 to 35& miles 
per hour by removing the main’ float' (77 percent excess 
buoyanoy). The seaplane had. a power, loading of 5-9 pounds 
per horsepower and a wing loading' of 27*2' pounds per 
square foot. Tests of four full-size floats in the 
Langley propeller- research tunnel (reference 127) indi- 
cated that a radical change in the design of the floats 
.was required to obtain- significant reductions in the air 
drag. Reducing the 'depth of step to zero ' decreased the 
minimum drag ab,out 16 percent. Adding a faired tail 
extension 1 to a float, with a blunt stem reduced the 
drag 8 percent'. The -flow of air over the floats was 
shown to be so turbulent that minoi? refinements such as 
flush rivets and recessed fittings would not appreciably 
reduce the drag. " f 

Dynamic stability of float seaplanes .- Porpoising 
and skipping have appeared to be of much less practical 
significance in ‘operating float seaplanes than, in operating 
flying boats. Although differences have not been carefully 
analyzed, two, differences' between the types are noteworthy 
in comparing the stability bharacteri sties: ' the pitching 
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radius of gyration of a float seaplane is generally 
larger than that of a comparable flying boat; and recent 
practice has been to provide relatively deeper steps on 
floats than on hullB. Another consideration is that for 
military urfb a number of the different types of float 
seaplane have had considerably lower power loadings than 
the patrol and cargo types of flying boat. 


LATERAL STAKE LIZERS 


Types of lateral stabilizer .- Three types of lateral 
stabilizer have been used In the pasts inboard floats, 
stub wings, and wing-tip floats. Neither inboard floats 
nor stub wings have been used, however, in recent designs. 
Inboard floats are located inboard of about one-third the 
semispan of the wing and therefore must be larger than 
wing-tip floats in order to develop the same righting 
moment. Inboard floats usually have a shallow draft at 
rest whereas wing-tip floats are generally looated to 
clear the water at high speed and, because of their 
location, only one wing-tip float contacts the water at 
rest. Stub wings (reference 156) extend outward from 
the chine near the main step in the form of aerodynamic 
wings of low aspect ratio. The evidence seems to be in 
favor of wing-tip floats for lateral stabilizers because 
they are relatively small, thsir maximum restoring moment 
is developed at small angles of heel, and they are not 
influenced by ths flow of water produced by other parts 
of the seaplane. 

Hydrodynamic data concerning .wi n g- tip floats . - The 
usual consideration in the choi c a o f the shape ' for a tip 
float has been that any lines suitable for a main float 
are adaptable for a tip float (reference II4.7K The 
contour of the bottom of a tip float is generally made 
to resemble that of a V-bottom hull and the required 
volume Is then disposed in a manner either to obtain 
minimum aerodynamic drag or to comply with other require- 
ments (for example, retraction) of the specific instal- 
lation. 

The performance characteristics during operation at 
low speed have, been determined for a number of typical 
designs of wing-tip floats. The data have been obtained 
from teBts in towing tanks in the speed range at which 
wing-tip floats are necessary. Some of these data are 
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reported in references 152* 153 > 160, and A 

significant result of the tests lias been the placing of 
emphasis upon the importance of designing the lines 
above the chines to avoid losing lift at large drafts 
and thereby to prevent "digging in" of the float. Wing- 
tip floats have been built with steps to incorporate a 
satisfactory planing surface on a form that will have 
low air drag in flight. Later tests, however, have shown 
that low air drag and satisfactory performance at low 
speed can also be realized without a step (reference l6i| ) . 

Captain H. C. Richardson has emphasized in letters 
to the NACA that the behavior of a tip float in drifting 
astern is of special importance in the event of a forced 
landing. His experience in "sailing" a disabled flying 
boat, the NC~3> for a distance of about 200 miles in the 
Atlantic Ocean (reference 211 ) led to the conclusion that 
satisfactory seaworthiness requires the tip float to be 
free of any tendency to "dig in" when making sternway. 
Specific test data are not available for tip floats 
moving astern but it has aopeared that a float with a 
step is advantageous because the "afterbody" may be 
sloped upward to develop lift. 

Hydrodynamic characteristics of stub wings .- Inter- 
ference between the water flow around the hull and the 
stubs affects the resistance, the trimming moment, the 
dynamic stability, and the transverse static stability 
of the flying boat. Tests of a limited, number of con- 
figurations indicate that stub wings reduce the hump 
speed without significantly affecting the magnitude of 
the hump resistance, reduce the trim at zero aoplied 
moment (reference lq.6), reduce markedly the region of 
speeds and trims in which low-angle porpoising occurs, 
and adversely affect the upper trim limit of stability 
(reference 163). Data regarding the effects of vari- 
ations in the position of stub wings are given in refer- 
ences lk6, lli- 9 , and 151. At rest, stub wings develop 
their maximum, righting moment at very large angles of 
heel; hence, the righting moment may be insufficient when 
the hull is lightly loaded. Underway, the stub wing is 
subject to the influence of the bow wave that leaves It 
free of "solid" water through a small range of speeds. 

If the flying boat with stub wings is not accelerated 
rapidly through this speed range, it may heel sufficiently 
to submerge a wing tip. 

Air drag .- The air drag of tip floats amounts to 
3^ to 8 percent of the total drag for a number of flying 
boats that have wing-tip floats currently considered 
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well streamlined. Reference 150 presents data showing 
the air drag of wing-tip floats to be of the same order 
of magnitude as the air drag of well-faired unretracted 
landing gear on comparable landplanes. Reference 18 
contains a comparison of the air drag of six configurations 
of flying-boat hulls differing only in the arrangement of 
the lateral stabilizers. (See fig. 10 .) Results of tests 
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Figure 10 .- Comparative diagrams of air drag of hull and 
lateral stabilizers. Numbers give drag relation to 
basic hull, taken as 100 (from reference l8). 


of four different types of conventional wing-tip float 
(reference 153) led to the significant conclusion that 
the chines of an unretracted wing-tip float should be 
alined with the air flow in cruising flight to avoid 
excessive air drag. The air drag of partially retracted 
tip floats may be estimated from data concerning pro- 
tuberances on the lower surface of the wing (refer- 
ences 157 and 158). 

Present status of design criterions .- Several dif- 
ferent specifications and " criterions have been used in 
the past for lateral stabilizers (references 51 , 59 > 
and 25I). Current American practice conforms in general 
to the specifications given in references 6 and li+7* 

The specifications present formulas for computing the 
size of conventional lateral stabilizers for obtaining 
an arbitrary minimum lateral stability at rest. Current 
practice is to provide the righting moments needed to 
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counteract the upsetting, moments due to gravity and 
cross wind and to provide an additional reserve buoyancy 
determined on the basis of past experience. For the 
larger sizes of flying boat the reserve buoyancy is very 
much larger than either of the other two allowances 
(reference 162 ) and a more detailed examination of the 
design requirements than heretofore employed is considered 
necessary If the structural and aerodynamic efficiency 
are not to be unduly Impaired by the tip floats. In 
reference 155 » the numerous upsetting moments including 
propeller torque, unsymmetrioal slipstream, and wave 
slope are listed in outlining a procedure for defining 
in detail the necessary buoyant and dynamic character- 
istics of tip floats. There Is some Indication that, 
if the tip floats can be designed to have suitable 
dynamic reaction when submerged, smaller tip floats than 
those currently used on large flying boats may be 
adequate. 

Unco nventional forms of sta bilizers . - A large reduc- 
tion IrTTrag of 'a fixed tip float might be realized by 
using a streamline spindle fitted with a hydrofoil instead 
of a conventional shaoe. Stabilizers of this kind are 
shown in reference Ic-S end test results are presented in 
references 159 and l6l. A comparison of the drag of the 
streamline shape with that .'f a conventional wing-tip 
float is made in reference ll|.5» A streamline float of 
rectangular cross section with a hydrofoil was used on 
the ND-1 float soanlane out test results do not appear 
to be available. Unti 1 • adequate data are available for 
predicting the hydrodynan! c lift and drag of hydrofoils, 
this type of conf 1 guratl on cannot be designed with 
assurance that the high-speed characteristics will be 
satisfactory. 

Broad, shallow floats having the form of a some- 
what distorted spherical segment have been suggested 
(reference 150). Unpublished data from tank tests indi- 
cate that, although retraction would be facilitated, tills 
shape would give rise to very large dynamic lift that 
would necessitate a type of oleo strut for operation in 
rough water. Faoid retraction and extension would permit 
the wing-tip floats to be located out of danger at high 
speed. 

A very Interesting possibility for obtaining lateral 
stabilization, especially for high-performance single- 
emine seaplanes., is by usa of the dynamic and buoyant 
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properties Of the wing "located in the low-wing position, 
as described in the section entitled “Unconventional 
Configurations. 11 

Emergency devices .- When it is necessary for a sea- 
pi aneHEo - remain - ^^ under abnormally severe condi- 

tions,' emergency stabilizing devices can be provided in 
the form of sea anchors (trimming buckets, canvas bags 
fille'd with- water and hung in the water from an outboard 
position on the wing, as shown in reference 32 ) or 
inflatable devices. 


AERODYNAMIC AND PROPULSIVE CONSIDERATIONS 


The aerodynamic and propulsive arrangements for 
flying boats are primarily determined by their flight 
performance specifications, which are beyond the scope 
of this report. Hydrodynamic considerations that may 
modify these configurations are discussed In this section. 

Wing .- The area of the wing Is determined by the 
service conditions for which the flying boat is designed. 
The main effect of hi fch wing loadings on the take-off 
performance of s flying boat appear^ In the higher get- 
away speeds. As the get-away 3p&3d becomes higher, the 
resistance at h'.gh speeds becomes "-ore significant. 
Computations show that tako-off performance Is Improved 
by increasing tho aspect ratio (reference 167). The 
angle of incidence of the wing Is of significance In 
relation to the hump trim and the trim of the hull in 
flight. When the high-speed resistance is critical, 
the setting that gives best take-off characteristics 
may be taken as approximately that which gives minimum 
total resistance at 65 oercent of the stalling speed 
(references 90 and 167 ). 

The general practice In airplane design is to mount 
the engine naoellss on the wing with the thrust line 
approximating the chord of .the wing. .Current practice 
showB that if the propellers have adequate clearance 
wings and flaps are adequately clear. (See section 
entitled “Propellers. " ) 

Flaps . - , The effect of flaps on the take-off is 
e sped ally pronounced on airplanes having high wing and 
power loadings. Although flap deflection Increases the 
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total real stance. It generally Improves the take-off 
performance by lowering the stalling speed. The 
optimum take-off can be made by taxylng to high speed 
with the flaps up and deflecting them part way for take- 
off (reference 170 ), Deflecting the flaps reduces the 
load on the water and causes a bow-down moment (refer- 
ence U7) . By reduction of the load on the water the 
trim limits are generally lowered slightly, particularly 
at high speeds. The bow-down moment requires up-elevator 
deflections to counteract It and shifts the stable range 
of cents r-of-gravlty positions aft (reference l66). 

The lift on th® wings of a flying boat moored on 
the water may be reduced by flap-type spoilers mounted ' 
on the upper surface of the wing between 5 and 20 per- 
cent of the chord with no gap between them and the wing 
surface (reference 171). This device should be useful 
if an airplane having a low wing loading is to be 
moored in a high wind* 

Tall surfaces .- The horizontal tail is usually 
mounted rather high to clear the spray. At low speeds, 
the roach may wet the tail heavily. At higher speeds, 
the spray is higher at the tips of the tail than at the 
root so that the use of considerable dihedral angle may 
be advantageous; in fact, this dihedral angle may be 
carried to the extreme of employing a V-tail (refer- 
ence 169 ). Approximately the same total area is required 
but there is a possibility of reducing the air drag by 
eliminating one intersection with the fuselage. The 
control system presents a complicated design problem. 

The aerodynamic stability derivatives have some 
effect on hydrodynamic stability (references I4.6 and 106 ). 
It is pointed out in reference L6 that for the cases 
considered therein it was quite Impossible to neglect the 
aerodynamic factors although the hydrodynamic effeats 
appeared to be much more important than the aerodynamic 
factors. 

Variations from the usual size of the horizontal 
tail have a small effect on the lower trim limit of 
stability. Reference 22 shows that increasing the 
damping in pitch due to the horizontal tail Mq decreases 

the lower limit of stability. The decrease is small at 
low speeds and is appreciable at high speeds. At a 
given high speed, the effect of increasing tail area 
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becomes less narked its the tall damping increases and 
is. not very, significant at the normal values of tail 
damping. These trends are also indicated in refer- 
ences 55 and 106. The tail damping has a negligible 
effect on the upper branch of the upper trim limit of 
stability. 

No data have been published on the amount of yawing 
moment required of the vertioal tail (or of water rudders) 
to maintain oontrol throughout the taxi and take-off run. 
Unpublished data inchoate that a model of a flying boat 
with a gross-load coefficient of I .05 at a speed coeffi- 
cient of 2.6 required a yawing-moment coefficient Cn 
of 0.12 to maintain a straight course. The yawing moment 
coefficient 


= yawing moment 


where w is specifio weight of water and b is the beam. 

Propellers . - On some heavilj loaded flying boats, 
spray from the forebody enters the propellers during a 
short range of speeds Just prior to hump sceed. For any 
given conventional flying boat, both the intensity of 
the spray and ire width of the speed range when the 
spray is in the propellers increase with increasing gross 
load (reference Si). 

The inflow of sir to powered nropellers picks up 
spray that would not hit the windmilllng propellers 
(reference 70* Sou© spray profiles for unpowered models 
are given in references 20 and 25 li-. 

The right-hand rotation of oropellers tends to make 
the flying boat yaw to the left. During take-off, the 
hull is directionally unstable Just below the hump. A 
heavily loaded fl 7 lng boat with right-hand propellers 
often makes uncontrollable turns to the left at this 
speed. Mth opposite rotation of the propellers, the 
yawing characteristics are symmetrical about zero yaw. 
Propellers turning inboard at the top provide slightly 
better rudder control than those turning outboard. 

Reference 72 shows that the effect of power on trim 
limits and center-of-gravity limits of a model is large. 
The effeot of the slipstream and thrust is to change 
the load on water and the trimming moment and to influence 
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the water flow around the- hull. Decreasing the power 
loading of a flying boat Increases the acceleration 
during take-off but reference 50 shows that there is a 
relatively small change in the stable center-of-gravity 
range with change in acceleration. 

Jet propulsion .- Jet assistance has enabled flying 
boats to take off more quickly in rough water, to take 
off in a shorter distance, or to take off with loads 
greater than those possible with normal engine power. 

The assisting .lets are either of the powder type, which 
may be dropped after take-off, or of the type in which 
liquids are forced into a combustion chamber. The 
liquid-type Jet generally operates for longer periods 
of time but requires that more equipment be carried in 
the airplane throughout the flight. An advantage of 
this type of Jet is that it may be turned on and off as 
desired. 

The location of the assisting Jets is not particularly 
critical. They should be so arranged that the line of 
thrust passes through, or slightly below, the center of 
gravity of the airplane so that when the thrust ceases 
no great change in the balance of the airplane will 
result. One 11 quid- type Jet has operated successfully 
under water (reference 165) but no information is 
available as to the behavior of the powder-type Jet 
when submerged. 

Jet engines could be mounted closer to the water 
than engine-driven propellers, provided a suitable loca- 
tion for the air inlet can be found. There is no 
information as to the extent that the Inflow of air will 
pick up spray or to the extent that spray will damage the 
interior of the Jet motors if it is allowed to enter with 
the air. Jet engines designed to produce a given thrust 
at flight soeeds may be at a disadvantage during take-off 
when compared with normal propellers because of differences 
in the manner in which thrust varies with speed. The Jet 
engines for use on high-speed airplanes would probably 
have sufficient thrust for take-off. 

UNCONVENTIONAL CONFIGURATIONS 


Tunnel bottoms . - Full forms with a tunnel bottom 
(an inverted V) have been oroposed occasionally because 
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the amount of spray thrown out laterally Is exceptionally 
small (references 3* 1?2, and 177) • Configurations of 
the types that have been tested present a difficult 
problem in avoiding excessive air drag. If the spray is 
confined to the tunnel, the afterbody may be wet 
excessively unless large clearance is provided. A model 
with a forebody having~an inverted-V cross section at 
the bow with a transition to normal V-bottom about half- 
way along the forebody was tested at the Short Brothers 
Tank (reference 260 ) . This unusual form had very good 
spray characteristics and would presumably have acceptable 
resistance and stability characteristics. Wind-tunnel 
tests and structural studies showed, however, that the 
air drag and the weight would be excessive. 


As ymmetrical f loats .- The spraj between the floats 
of a tyrin-float single -engine seaplane resulting from 
the meeting of the two bow blisters sometimes enters 
the propeller in excessive amounts. A pair of floats 
was designed (reference 1 2b.) having the planing bottoms 
arranged on the outer sides of the floats (fig. 11). 



Figure 11.- Asymmetrical float 
for twin-float seaplane, 
section at step. 


It was found that these floats were ole an running and 
compared satisfactorily with conventional floats with 
regard to porpoising, water resistance, and directional 
stability. Modifications intended to reduce the air drag 
of the asymmetrical floats introduced directional 
instability. 


Planing tall . - A form of hull that inherently has 
some desirable characteristics is being developed by 
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tests of models In Langley tank- no. 2. Figure 12 shows 
a typical conf iguration with a vary deep step that Is 




Figure 12.- Planing-tail configuration. 


pointed in plan form combined with a long afterbody. 
Preliminary tests (reference 17&) end further tests of 
modifications similar to those in figure 12 showed that 

resistance was lower than that of a conventional 

= 6,5 compared with ~ = 
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model Indicated that satisfactory stability character- 
istics may be expected (unpublished data). Limitations 
on the usable Bpaoe aft of the center of gravity may be 
undesirable for some types of service. 

Planing flaps .- Retractable planing flaps have been 
suggested for use on the afterbody In a manner that would 
allow an unusually high angle of afterbody keel (fig. 15( Q )X 
The flap would perform the normal function of the after- 
body at speeds through the hump speed. At planing speeds 
the flaps would be retracted to prevent high-angle 
porpoising from occurring in the usual range of trim. 

Tank tests were made at Stevens Institute of Technology 
to determine several configurations that would have 
suitable hydrodynamic characteristics ( ref aronce 178 ) • 

The structural weight, the ae rodynarri c effect of a high 
angle of afterbody keel, and the necessity for adjusting 
the flap during take-off present problems that introduce 
some doubt as to the practical possibill ties of this 
type of flap. Reference 178 includes results obtained 
from tests of a hull with a conventional afterbody to 
which was added a olaning flap near the sternpost 
(fig. 13(b)). The results of the tests showing that 



(a) High afterbody. 



Tangent to 
U-2^7b* J fore body keel 


(b) Conventional afterbody. 


Figure 13.- Planing flaps. 
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high-angle porpoising was suppressed were not' confirmed 
in tests (unnublished data) of a' similar configuration 
on a powered model in Langley tank no. 1. 

Flo at-wing designs .- Tests have been made of models 
(references 1 Yu and 175 ) and of a full-size glider having 
a conventional hull combined with a wing placed suffi- 
ciently lew to provide suitable transverse stability on 
the water (fig. 1 I 4 J. Hydrodynamic characteristics of 
the full-size glider were reported to be satisfactory 



Figure l' .- F.1 oat-wing glider. 


provided the flaps were not deflected while in contact 
with the water. A preliminary design of a float-wing 
seaplane that would eroloy a pusher propeller in a 
transverse plane near the trailing edge of the wing is 
known to have been made. If a suitable structure were 
provided l'or the power unit and for those portions of 
the wing and flaps subjected to water loads. It appears 
that a high-performance seaplane with parasite drag 
practically equal to that of an equivalent landplane 
could be developed. 
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Hull-less "designs .'- In reference 173 several designs 
are proposed, Including a flying wing. In which the hydro- 
dynamic and flotation requirements would be incorporated 
as primary components of the wing. Preliminary results 
of tank tests and of structural studies are cl ted to 
support the belief that large seaplanes can be built in 
one of the proposed forms with considerable reduction in 
weight end in parasite drag compared with conventional 
flying boats and landplanes. Two of the proposed con- 
figurations are shown In' figure 15 • 


HYDROFOILS 


The application of hydrofoils to serve as a type of 
landing gear on seaplanes or as auxiliary lifting devices 
on wing-tip floats has long been an interesting possibility 
with reference to the reduction of air drag and the 
simplification of structural problems. It has appeared 
that hydrofoils when compared with planing hulls offer 
some possibility of reducing the structural weight and 
the hazards associated with Impacts in rough water. 
Although hydrofoils have been successfully employed on 
numerous seaplanes with a relatively low stalling speed 
(reference 186), an evaluation of their potential use on 
seaulanes that must- operete on the water at speeds above 
60 miles per h^ur is hindered by Inadequate Information 
regarding the Influence of cavitation. 

Hydrofoils having cambered sections selected to 
delay. cavitation as much as appeared practicable were 
towed "in Langley - tank no. 1 at depths up to 5 chord 
lengths and at speeds up to 60 miles per hour. As the 
speed was Increased from ho to 60 miles per hour, the 
results showed that; 

(1) The angle of zero lift increased about 3° 

(2) The maximum lift-drag rati.o decreased steadily 
from about l6 at ij.0 miles per hour to 8 at 60 miles per 
hour (references l8l, 189, and 201) 

(3) Cavitation caused vibration that became more 
severe with increased speed 




rater line at rest 
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Similar ' trends 1 wer“e' 'obtained in "water-tunnel - teats of 
planoconvex circular-arc sections In which extensive 
oavitjition was obtained (reference 200). The theo- 
retical results in reference 183 are in partial agree- 
ment with the trends given but there is still con- 
siderable doubt as to the magnitude of the influence 
of ^cavitation. There is some indication that a hydro- 
f oil' in "oa vi'tiit ing flow will have more favorable lift- 
drag ratios if the lower surface is flat rather than 
convex. Tests in a water tunnel (reference 19 U) indi- 
cated that slots in a hydrofoil were Ineffective in 
preventing oavitation. 

ladder like arrangements of hydrofoils with dihedral 
of about 20° that have been used on seaplanes and on 
surface boats apparently offer satisfactory stability, 
but tho associated BtrutB and interference effeots are 
significant sources of drag and spray (references 180, 
185 , 186, aid 192). Monoplane hydrofoils are likely to 
suffer abrupt and large changes in lift and dreg when 
close to the free water surface (references l80, lol, 
and 190). The severity of this type of instability is 
loss for the higher angles of dihedral because of the 
more gradual reefing action as the hydrofoil passes into 
or nut of the water. Systems of mono claries designed to 
ove'co^e thin difficulty of operating near the water 
surface fc : ve been proposed and tested at low speeds 
by Tietjeos (reference l n E) and by Grunberg (refer- 
ences 1O5 and iqi). Further investigation under condi- 
tions in which full-scale cavitation is reoresented are 
required, however, before’ a practical design of a mono- ■ 
plane conf iguration for a seaplane may be carried out 
with full assurance that stnoility and efficient lift- 
drag ratios will be achieved (reference 19 6 ) - 

PILOTING AND HANDLING 


A few clearly established principles can be outlined 
that will assist the pilot of a seaplane of conventional 
design to take off In the least time and distance possible 
and. at the same time to avoid much of the danger asso- 
ciated v-ith porpoising, yawing, and skipping. The 
required technique for operation in smooth water can be 
simply stated; but for operation in rough water the 
importance of porpoising, yawing, and skipping as com- 
pared with the importance of the waves to be encountered 
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in any particular instance must be evaluated on the 
basis of the personal observation and experience of the 
pilot. The principles for operation in smooth water 
have been sufficiently well established by tests of 
models and full-size aircraft to justify a revision of 
some of the practices that appear to be currently 
accepted. 

Glassy water . - References 205# 206, and 211 point 
out the difficulty of accurately observing the height 
above the surface of the water as a seaplane approaches 
a landing on glassy water, especially if there is a low- 
hanging mist. No satisfactory technique or instrumenta- 
tion appears to be available that will enable the pilot 
to judge with confidence the point of contacting the 
water surface. Terrain clearance indicators might be 
of considerable value if they could be made to indicate 
accurately at very low altitudes. Possibly absolute 
altimeters will come into sufficiently wide use to 
justify their development to a stage at which they can 
be used for glassy-water landings. 

Take-offs from glassy water have frequently been 
renorted to be more difficult than those from choppy 
water. Definite data regarding these observations are 
not sufficient to justify very definite conclusions. 
Differences of opinion regarding these observations are 
sufficiently great to justify a brief series of tank 
tests or flight tests in which the influence of wind 
(which generally accompanies rough water) and the 
influence of trim may be isolated from the effects of 
small waves on the resistance during take-off. 

Stability . - Instructions to pilots regarding por- 
poising should clearly distinguish between the low- 
angle type and the high-angle type. The usual Instruc- 
tions to apply up elevators whenever porpoising occurs 
(references 205, 206, and 211) are applicable only to 
the low-angle type. Recovery from the high-angle type 
of porpoising calls for down elevators. 

Uncontrollable yawing of some flying boats may occur 
In either of two speed ranges. The yawing at speeds 
approaching the hump is associated with an unstable 
type of flow over the bottom and sides of the afterbody 
and may be aggravated by unsymmetrical slipstream over 
the tail. A disastrous type of yawing may occur at speeds 
near get-away if the hull Is allowed to trim too low 
(reference 40)- 
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Roughwater. - A PEH-3C flying boat has recently 
been tested by the TJ. S. Coast Guard to investigate the 
merits of different piloting techniques in rough water 
and to evaluate the hazards that are involved (refer- 
ence 203 K It is understood that wave heights ranged 
from 8 or 10 inches up to about 15 feet during the course 
of the tests. The tests were limited to the one airplane 
and to the sea conditions prevailing off the coast of 
southern California, but the results provide a note- 
worthy basis for setting up general principles for 
piloting in rough water. Results of the tests indicated 
that before making a landing in the open sea the pilot 
should fly at different altitudes to observe the dif- 
ferent wave systems that may be present and in general 
to select the direction of run and the area that will 
result in the least number of severe wave impacts. For 
winds of less than 20 knots the most favorable direction 
was found to be parallel to the crests of the swells. 
Down-swell landings were considered feasible but more 
severe than along-swell landings. If the wind Is 
greater than 20 knots, the recommended direction for the 
run Is into the wind. Drift in a cross-wind landing was 
found to be of little practical consequence. Previously 
held fears of danger from dragging a wing-tip float In 
a swell on the beam or from sideslipping down the slope 
of a w&ve were not substantiated. With a complicated 
sea, the pilot should choose a direction for landing or 
take-off that will avoid heading directly Into any wave 
system and will at the same time lcoep the wind as nearly 
ahead as possible. 

Jets of the solid fuel type were used In some of the 
take-offs and found to be a very useful adjunct in rough- 
water operation. In several instances the use of Jets 
at dangerous moments was bells vod to have saved the air- 
plane from severe damage. 

Reversible propellers .- Maneuvering to a buoy or 
other mooring device has been greatly facilitated by 
the use of reversible propellers that permit braking 
and maneuvering in close quarters. Reference 209 
describes the maneuverability of a PB2Y-3 with reversible- 
pitch propellers and states that those propellers reverse 
In from 10 to 15 seconds, which Is considered slower than 
desirable. Two of the four propellers are therefore 
continuously In reverse and. the maneuvering in any desired 
direction is accomplished by manipulation of the throttles. 
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Depth of water .- Teats of models have Indicated that 
the water resistance is practically unaffected "by vari- 
ations in depth for depths greater than about 1 beam 
length. At lesser depths the hump resistance may be 
considerably more than that for deep water (references 210 
and 2ijJLj. ) . 
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Reports that are not generally available for dis- 
tribution, either for security, proprietary, or other 
reasons, are mar Iced' with an asterisk. In special cases 
requests for these report# maybe granted. Any such 
requests . should- be - directed to the' Office of Aeronautical 
Intelligence of the National Advisory Committee for 
Aeronautics, 

PLY TNG- BO AT FULLS 


1. Alii sen, John M. : The Effect of the Angle of After- 

• body Keel on the Water Performance of a Flying- 
Boat Hull Model. NACA TN No. 5^1, 1935 ■ Angle 
of afterbody keel, resistance. 

2. Allison, John M. i Tank Tests of a Model of the Hull 

of the Navy PB-1 Flying Boat - N.A.C.A. Model $2. 
■NACA TN No. 576, 1936. Resistance, testing 
procedure . 

3* Allison, John M, : Tank Tests of a Model of One Hull 

of the Savoia S-55" x Flying Boat - N. A. C .A. Model 46. 
NACA TN No. 635 , 1938. Resistance. 

1 

4. Allison, John M* , and Ward, Kenneth E. 1 Tank Test's of 

Models of Flying Boat Hulls Having Longitudinal 
Steps. NACA TK No. 574# 1936. Resistance, longi- 
tudinal steps, spray strips, angle of dead rise. 

5 . Anon.i The Biggest Short. Flight, vol. XXXVI, no. 1595 , 

July 20 , 1939 • Discussion with numerous illustra- 
tions of* the structural design and arrangement of 
the Short "Golden Hind. 11 

6. Anon. s Specification for the Structural Design of 
Hulls, Floats, and Float External Bracing. NAVAER 
SS-17A ( superseding SS- 17) # Bur. Aero.,. Jan. id, 1944 

. Bell, Joe W. : The Effect of Depth of Step on the Water 

Performance of a Flying-Boat Hull Model - N.A.C.A. 
Model 11-C. NACA TN No. 535 , 1935- Depth of step, 
resistance. 
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8 . Bell, Joe W. , Garrison, Charlie C., and Zeclc, Howard: 

Effect of Length-Beam Ratio on Resistance and Spray 
of Three Models of Flying-Boat Hulls. NACA ARR 
No. 3 * 123 # 191+3 . - Length-beam ratio, resistance, 
spray. 

9. Bell, Joe W. , and Olson, Roland E. : Tank Tests to 

Determine the Effects of ttas Chino Flare of a 
Flying-Boat Hull - H.A.C.A. Model Series 62 and 69 . 
NACA TN No. 725 > 1939* Chine flare, angle of (lead 
rise, resistance, spray. 

"“10. Bell, Joe W. , Olson, Roland E., and Goldenbaum, 

David M. : Tests of a 1/10-Size Dynamically Similar 

Model of the Consolidated XPB3Y-1 Flying Boat in 
NACA Tank No. 1 - NACA' Model llj.?. NACA MR, 

Bur. Aero., June ll+» 19l|-3» Longitudinal stability, 
spray, yawing stability, depth of step, location 
of step, ' ventilation, angle of afterbody keel. 

11. Bell, Joe W. ,. and Willis, John M. , Jr.: The Effects 

of Angle of Dead Rise and Angle of Afterbody Keel 
on the Resistance of a Model of a Flying-Boat Hull. 
NACA ARR, Feb. 19U3* Angle of dead rise, angle of 
afterbody keel, resistance. 

12. Benson, James M. : Hydrodynamic- St ability T®sts of a 

Model of a Flying Boat and of a Planing Surface 
Having a Small Downward Projection (Hook) on the 
Planing Bottom near the Step. NACA RB, Jan. 19^3* 
Longitudinal stability (trim limits), hook on fore- 
body, landings. ■ 

13. Benson, James M. , and Freihofner, Anton: Landing Charr- 

acteri sties -of' a Model of - a Flying Boat with the 
Depth 'of Step Reduced to Zero by Means of a 
Retractable Planing Flap. NACA RB No. I 4 .BO 8 , ■ 19^. 
Landings, planing flaps, longitudinal stability 
(center- of -gravity limits), resistance. 

llf. Benson, James M. , and Havens, Robert F. : , Tank Tests 
of a Flying-Boat Model Equipped with Several Types 
of Fairing Designed to Reduce the Air Drag of the 
Main Step. NACA ARR No. L5C09b, Step' 

fairings, depth of step, ■ longitudinal stability 
(landings). 
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^5. ■ -Brooke,. H. .E.:': Summary of Dynamic Tank Test's of the 
l/ 8 '-Scale- XPii.Y-1 with Spray Strips. Rep. 

■ ‘ No. ‘ ZH--31-P18, Consolidated VulteG Aircraft Corp. , 
Aug. Tesfa in Langley tank no. 1. 

16 . Carter,. Artimr. W. : .General Free to Trim Tests in 

NACA Tank No. 2 of Three 1/8-Full-Size Models of 
■ ■ Flying. Boat Hulls at Low Speeds - NACA . . 

- Models ll 6 E-jk, 120R, and li|-3 . NACA MR, 

Jan 19*. 19^3* Handling on' "the water, trim 
1 * re-si stance .at low speeds, drifting astern. 

17. Clark, K. : W. ,, and Coonibe's, L. P.: Tank Tests of a 

Family of. Pour Hulls of Varying Length to Beam 
Ratio. Rep. No. B.A. 1J5 0 ’# British R.A.E., 

. : Nov. 1936. Length-beam ratio, air drag, sea- 

woi thlness , resistance, form, take-off. 

l 8 * Coombes, ,L. ;P. , and Clark, K. W. s The Air Drag of 
Hulls. Aircraft Engineering, vol. IX, no. 106, 

*• Dec. • 1937* PP* .515-321, 32 S. Air drag, length- 

. beam ratio, effect of beam, depth- of hull, form 1 
of sten, depth of step, chine flare, angle of 
dead rise, step fairings, tip floats,- Stub wings. 

19* Davidson, Kenneth S. M. , with Locke, P. W. S., Jr., . 

and Suarez,. Anthony: Porpoising -' A Comparison of 

Theory wi th Experiment . NACA ARR No. 3G07> 191+3 • 
Longitudinal stabili ty. ( trim limits). 

20. Davidson, Kenneth S. M. , and Locke, F. 77. S., Jr.: 

General Tank Tests on the Hydrodynamic Charac-- ■ . 
teri sties, of Four Flying-Boat Hull Models of 
Differing Length- Beam Ratio. .NACA ARR No. I 1 FI 5 , ■ 
19i+Lu Length-beam ratio, resistance', longi- 
tudinal stability, yawing, spray. 

21. Davidson, Kenneth S. M, , and Locke, F. W. S., Jr.: 

. Some Analyses of Systematic Experiments on the 

Resistance and Porpoising Characteristics of 
Plying- Boat Hulls. NACA ARR No. 31^6, 1943* 
Longitudinal stability, ventilation, design 
parameters, method of plotting, form, effects 
of warping, resistance. 
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22. Davidson-, Kenneth S. Mi, end Looks, P. W. S., Jr. s 

Some Systematic Model Experiments on the Porpoising 

■ Characteristics of Plying- Boat Hull's. NACA 

ARR No. 3^12-, 19k3* ■ Longitudinal stability (trim 
limit), tail damping rate, gross load, stempost 
angle* depth of step, form of step, forebody 
warping, angle of dead ri.se. near stempost. 

*23« Davi s, B, W. : Analysis of Results - Hydrodynamics 

■ -Research Project. Rep No. .D-555 8 * Boeing Air- 
•- craft .Co., Sept. 23* l9kk* Longitudinal sta- 
bility, yawing, resistance, angle of dead rise, 
form, length-beem ratio, chine flare, tunnel 
bottom, step fairing, hydrofoils, spray and wake 
measurements. Tests in Langley' tank no-1. . 

1 i ■ 

2k. Dawson, John R. s A General Tank Test of N.A.C.A. 

Model 11-C Plying- Boat Hull, Including the Effect 
-.of Changing the Plan Form of the Step. NACA 
' ’ ,TN 533* 193-5* Plan form of step, resistance. 

. 25« Dawson, John R. : Tank Tests of a Model of a'Flying- 

■ Boat Hull with a Fluted Bottom. NACA TN No. 522, 
■1935* Fluted bottom, resistance tests. 

26. Dawson, John R.: Tank Tests of Three Models of 

■ ■■ Flying-Boat Hulls o£ -the Pointed-Step Type with 

Different Angles of Dead Rise t NjA.C.A. Model 35 
•Series. NACA TN No. 551* 193^» Pointed step, 

resistance, angle of dead rise 1 . 1 

■ ■ ■ . / 

27* Dawson, John R.s -Tank Tests of Two Models of Flying- 
Boat Hulls -to Determine the Effect of Ventilating 
the Step. 'NACA : TN No. 59 k, 1937- Ventilation, 
re si stance , depth of step. 

28. Diehl, Walter- S.: A Discussion of Certain Problems 

- ' .Connected with the Design of -Hulls of Plying Boats 
■and the Us s of .General Test Data. N&CA Rep. 

No. £ 25 , 1933* Resistance, design parameters, 
methods of plotting, range of to3t program. 

29* -Diehl, Walter S. : 'The Estimation of "Maximum Load 

Capacity of Seaplanes and Plying Boats. NACA Rep. 
No. I 4 . 53 , 1932. Relation between gross load and 
time for take-off of seaplanes. 
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30. . Diehl, Walter . S;:- .\A Study ; of Flying-Boat Take-Off. 

' - NACA TN No.. '643* 1936* Take-off calculations. 

31. Diehl, .Walter S.» Tests on Airplane Fuselages, 

Floats and Hulls.’ NAGA Rep* No.- 236 -, 1926 . 
Compilation of aerodynamic test:, data. . 

1 • • 1 . 1 ' ■ ' 

32. -Dornier, C. : .Lessons of the Do. X*' Jour. R.A.S., 

vo-1. XXXVIT, no. 273, Sept. 1933 '; pp. 757 - 782 . 
Design, stub wings , .trimming buckets i 

33»: Dornier/ Glaudius: The' -Dornier Do’.'X. Seaplane. 

Aircraft Engineering; vol-. I, no. 10, Deo. 1929 » 

• PP* 339-341* Discussion of the 100,000-pound 

flying boat. Its construction and operation. 

34 *- Ebert, John W. , Jr., and Garrison, Charlie C.'j 

Hydrodynamic Tests of a Navy PBIf-3 Flying Boat 
With- the NAGA Events Recorder. ’ NACA MR, 

Bur. Aero., Sept. 2, 1943* 

. * F 

33. . Fletcher, G. L. , and Llewelyn- Davie s, D. I. T. P.s 
Note. on Some Tank Tests on the Sunderland III 
for Take-Off at Extreme Overload. Rep. No. 

£ero ■ lS87» ■ British R.A.E., Nov. 1943* Scale 
effect, step fairing, longitudinal stability, 
seaworthiness, spray.' 

36 . Franchlmo'nt , H.- A.* Basic Design Features of the 
Sikorsky S-i+2. Aero Digest, vol. 25, no. 2, 

Aug. 1934* PP* 54-56; vol. 25* no. 3 , Sept. 1934* 
pp, 24-*2o; end vol. 25 , no. 4* Oct 1934; PP. 5°» 
52* General aerodynamic design features. 

37* Fullmer, Feliolen F. , Jr.s Tests of a ' 1/40-Scale 
Wing-Hull Model and a l/10-Soale Float-Strut 
Model of the Hughes-Kaiser Cargo Airplane in the 
Two-Dimensional Low-Turbulence Pressure Tunnel. 
NACA MR, Sept, 24, 1943, Air drag, hull and tip 
floats,’ step fairing, vine fillers, chine flare. 


• Gamer, H. M. : Seaplane Researph. Jour. R.A.S., 

vol. 'XXXVII, no. 27 L, Oct, 1933, PP* 830 - 863 . 
Impact, pressure measurements on hulls, yawing, 
full-scale resistance, measurements . - 
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*59 • .Goldenbaum', David M. : Resistance Tests of Two Mo del s 

of Hulls for: a Large Plying Boat (NACA Models 77K-1 
-and 77K-A) • ■ • NACA MR, Bur. Aero.,' May 23, 1944* 
.'■■■Form, ventilation,, testing technique (reproducing 
models), tail extension. 

ijp . . .Go.tt ,• iJ. P..': ' No,tp on the Directional Stability of 
- ‘ Seaplanes on’ the Water*' R. & M.' No. 1776, 

British' A. R. C. , 1937*. Directional, control, • • 
cross-wind landing; 

■i|l. Gouge* A..{, Flying-Boats and Their Possible Develop- 
ments - . - Jour. R. A.S. ,- ; vol. XXXIX, no. 296 , 

Aug. 1955* PP* 691 - 717 * Prediction, of design 
trends.. 

1 . * * ’ ■ 

* ■ • ■ ■ a • • 

42. Griffey, % J. r.; Favoring the Classical , in Flying 
Boat Hydrostatics. - Aviation, -vol. 43, no. 10,. . 

Oct. 19Mj.» PP* 159-163* Tip floats* hydrostatics. 

■ 1 • 1 

* . s . 

h$»\ Hartman, Edwin P.: The Aerodynamic! Drag of Flying- 

Boat Hull Models as Measured in' the. NACA 20-Foot 
. Wind Tunnel - I. NACA TN;No. 525 , . 1935 . - A *- v drag, 
height of hull, ' contour of deck, depth of step, 

'angle of afterbody keel, ‘ spray strips, windshields. 

44* Jones, E. T. : Se.aplane ■Take-G'ff Weights.. Aircraft 

Engineering,^ vol. VI, no.- 7°, ' Dec. i954i PP* 33°~332* 
■ General - discussipn -of the ' parameters affecting 
■ ■ .take-off; . t ;' - ■ r .'. 

45- 'King, - Douglas A., and Mas, Newton A.: Effects cn *Low- 

Soeed Spray Characteristics of .Various. Modifications 
to a Powered Model, of the Boeing XP'BB-l Flyinsr 
Boat. - NACA aCR No.; L5F07 , - 1945 ■ *3pi*ay,' spray 
strips/ length-beam ratio, form, effect of 
power. 

46. Klemin, Alexander, Pierson, John D. , and Storer, 

Edmund M. : An Introduction to Seaplane .Porpoising. 

Jour. Aero. Sci., vol. 6, no'. 8, "June 195'9* 

pp'.. 31'l"3i8* ’ Theory of. low er-li.tait..' porpoising. 

». * ■ * . ■ ■■ 

*47* Land, Norman S. ," and' Lina. Lindsay J. : Additional 

' ' Stability Tests of a l/o-Full-Size Dynairdo Model 

of the Consolidated XP4Y-1 Airplane - NACA Model 143* 
NACA MR, Bur. Aero., Maroh 3» 19^3* Depth of step, 
ventilation, flaps, longitudinal stability, 
planing fins. 
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If.8 • Land, Norman S. , and Lina, Lindsay J. s Tests of a 

Dynamic Model In NACA Tank No. 1 to Determine the 
Effect of Length of Afterbody, Angle of Afterbody 
Keel, Gross Load, and a Pointed Step on Landing 
and Planing Stability. NACA ARR, March 19^3* 

Landing, longitudinal stability (trim limits), 
angle of afterbody keel, length of afterbody, form 
of step, gross load. 

*14-9* Land, Norman S. , and Woodward, David R. : Tank Tests 

of a 1/8-Full-Size Dynamic Model of the Consolidated 
Vultee PB2Y-3 Airplane with a Lengthened Forebody 
and Afterbody and Various Modifications of the 
Step. NACA MR, Bur. Aero., March h , 19^4» Length- 
team ratio, longitudinal stability, depth of step, 
form of step, spray. 

*50. Land, Norman S., and Woodward, David R. : Tests of a 

1/8- Full- Size Dynamic Model of the XPij.Y-1 Airplane 
with Spray Strips - NACA Model 1^3^. NACA MR, 

Bur. Aero., Nov. 20 , 19^3* Spray, acceleration, 
longitudinal stability ( center-of-gravity limits), 
ventilation. 

51» Langley, Marcus: Seaplane Float and Hull Design. 

Sir Isaac Pitman & Sons, Ltd. (London), 1935* 

Eesign principles and criterions, tip floats and 
lateral stability, resistance, tanks. 

**$2. Locke, F. W. S., Jr. s An Analysis of the Main Spray 
Characteristics of Some Full Size Flying Boats. 

A.D.R. Rep. K-29, Bur. Aero., Oct. 19i+i|.- Spray, 
length-beam ratio, scale effect, design. 

53* Locke, F. W. S., Jr.: General Porpoising Tests of 

Flying-Boat Hull Models. NACA ARR No. 3H7> 1943* 
Longitudinal stability, mass moving vertically, 
moment of inertia, aerodynamic damping In pitch. 

5l+» Locke, F. W. S. , Jr.: Investigation of Bottom Pres- 

sures and of the Effect of Step Ventilation on a 
Seaplane Hull. Rep. No. 173* Stevens Inst. Teoh.(NACA), 
Dec. ll;, 19Ul» Ventilation, pressure measurements, 
resistance. 
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55* Locke, F. W. S. , Jr.: Some Systematic Model Experi- 

ments of the Bow-Spray Characteristics of Flying- 
Boat Hulls Operating at Low Speeds in Waves. 

NACA ARR No. JLOh, 1943 • Spray, length- he am 
ratio, form, engle of afterbody keel, angle of 
dead rise. 

56 . Locke, F. W. S., Jr.: Some Yawing Tests of a 

1/30-Scale Model of the Hull of the XPB2M-1 Flying 
Boat. NACA AFR No. 3G06, 1943# Yawing. 

57. Locke, Fred W. S., Jr.: A Correlation of the 

Dimensions, Proportions, and Loadings of Existing 
Seaplane Floate and Flying- Boat Hulls. NACA AFR, 
Ifa.rch 19U3. Dimensions and loadings of existing 
design. 

* 58 . Millikan, Clark B. : First Additional Wind Tunnel 

Tests on a 0.668 Scale Model of a Revised Version 
of the Boeing Model XPBB-1 Flying Boat without 
and with Running Propellers. GALCIT Rep. No. 307, 
Sept. 2k, 191+1. Air drag, tip floats, step 
fairing, chine flare (rounded). 

59. Munro, William: Marine Aircraft Design. Sir Isaac 

Pitman & Sons, Ltd. (London), 1933* 

60. Olson, Roland E. : Investigation of the Effect of 

Spray Strips on the Low-Speed Spray Character- 
istics of a 1/8-Size Model of the Consolidated 
FB2Y-3 Flying Boat - NACA Model II 6 E- 3 . NACA MR, 
Jan. 27, 1943. Effects of power, spray strip# 


*6l. Olson, Roland E., Haar, Marvin I., and Bradford, 

John A.: Take-Off and Landing Stability and 

Spray Characteristics of Modifications of a 
1/12 -Size Model of the JRM-1 Flying Boat - 
NACA Model l64* NACA MR, Bur. Aero., 

Sept. 8, 19kk* Length of planing bottom, plan 
form of bow, warping afterbody, depth of step, 
longitudinal steps, hydrofoil under afterbody. 

62. Olson, Roland E. , and Land, Norman S. : The Longi- 

tudinal Stability of Flying Boats as Determined 
bj Tests of Models in the NACA Tank. I - Methods 
Used for the Investigation of Longitudinal- 
Stability Characteristics. NACA ARR, Nov. 1942* 
Depth of step, moment of Inertia, gross load, 
longitudinal stability (center-of -gravity limits 
and trim limits), mass moving vertically. 
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*63. Olson, Roland E . , and Ze ok , Howard! Tank Teats of a 
* l/l6-Pull-Slze Model of tbs HET-1 Cargo Flying Boat. 
I - Take-Off and Landing Stability, and Spray 
Characteristics of a Powered Dynamic Model - 
NACA Model 138 * NACA MR, Dept. Commerce, 

May 19, 1944* Longitudinal stability (trim 
limits, o enter- of -gravity limits, landings). 
Position of center of gravity, spray. 

61} .. Outman, Vernon: A Method of Calculating Seaplane 

Take-Off. Aero Digest, vol. 32, no. 6 , June 1938, 
pp • 53, 5li, 59, 60 . Take-off, a method of 
calculating. 


65 * Parkinson, F* : Longitudinal Stability Calculations 

of Seaplanes on Water. The Aircraft Engineer, 
no. IO 4 (vol, IX, no. 9), supp. to Flight, 
vol. XXVI , no. 13H4., Sept. 27, 1934, pn. 69, 70. 
Mathematical analysis of the longitudinal sta- 
bility of a hull at rest in the water. Naval 
architectural treatment. 


66. Parkinson, J. B. : Tank Tests of Model 11-0 Flying- 

Boat Hull. NACA TN No. 531, 1935- Chine flare, 
spray, resistance. 

67 . Parkinson, J. B. : Tank Tests of a Model of a Flying- 

Boat Hull Having a Longitudinally Concave Planing 
Bottom. NACA TN No. 545, 1935* Fomn - longitudinal 
concave planing bottom. Resistance, spray, longi- 
tudinal curvature. 


68. Parkinson, John B. s A Complete Tank Test of a Model 

of a Flying- Boat Hull - N.A.C.A. Model No. 11-A. 
NACA TN No. 470, 1933* Resistance, longitudinal 
curvature . 

69 . Parkinson, John B. : Design Criterions for the 

Dimensions of the Forebody of a Long-Range Flying 
Boat. NACA ARR No. 3K08, 1943* Spray, length- 
beam ratio. 


70* Parkinson, John B. : The Design of the Optimum Hull 

for a Large -.'Long-Range Flying Boat. NACA 
ARR No. I 4 II 2 , 1944* Design, proportion, shape, 
depth of step. 
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* 63 . Olson, Roland E., and Zeok, Howard: Tank Tests of a 

l/l6-Full-SIze Model of the HE-1 Cargo Flying Boat. 
I - Take-Off and Landing Stability, and Spray 
Characteristics of a Powered Dynamic Model - 
NACA Model 158 * NACA MR, Dept. Commerce, 

May 19, 19ii4" Longitudinal stability (trim 
limits, oenter-of-gravity limits, landings). 
Position of center of gravity, spray. 

64* Outman, Vernon; A Method of Calculating Seaplane 

Take-Off. Aero Digest, vol. 32, no. 6 , Jane 1938, 
pp. 53 » 5^» 59 , 60 . Take-off, a method of 
calculating. 

65 * Parkinson, H. : ' Longitudinal^ Stability Calculations 
of Seai “ — - ■ 

no. 10 J 
vol. X 

Mathematical analysis of the longitudinal sta- 
bility of a hull at rest In the water. Naval 
architectural treatment, 

66 . Parkinson, J. B. : Tank Tests of Model 11-G Flying- 

Boat Hull. NACA TN No. 531, 1935- Chine flare, 
spray, resistance. 

67 . Parkinson, J. B. ; Tank Tests of a Model of a Flying- 

Boat Hull Having a Longitudinally Concave Planing 
Bottom. NACA TN No. 545* 193 5 • Form - longitudinal 
concave planing bottom. Resistance, spray, longi- 
tudinal curvature. 

68 . Parkinson, John B. : A Complete Tank Test of a Model 

of a Flying- Boat Hull - N.A.C.A. Model No. 11-A. 
NACA TO No. 1+70* 1933* Resistance, longitudinal 
ourvature . 

69 . Parkinson, John B. : Design Crlterlons for the 

Dimensions of the Forebody of a Long-Range Flying 
Boat. NACA ARR No. 3K0G, 1910* Spray, length- 
beam ratio. 

70* Parkinson, John B. s The Design of thb Optimum Hull 
for a Large Long-Range Flying Boat. NACA 
ARR No. I 4 II 2 , 191x4. Design, proportion, shape, 
depth of step. 


anes on water. Tne Aircraft Engineer, 
(vol, IX, no. 9)* supp. to Flight, 

I, no. 131-4, Sept. 27 , 1934* PP« 09 , 70 . 
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71* Parkinson, John B. : Notes on the Skipping of Sea- 

planes. NACA RB No. " 512 . 1 , 19^3* Skipping, 
ventilation, depth of step. 

72. Parkinson, John B.s Tank Tests of Auxiliary Vanes 

as a Substitute for Planing Area. NACA TN No. i+90 , 
193^* Resistance, hydrofoils (used as stub wings). 

‘ < *73» Parkinson, John B. s Tank Tests of the 1/8 Full-Size 
Dynamic Model of the Consolidated Model 31 Flying 
Boat with a Second Step - N.A.C.A. Model 110-M. 

NACA MR, Consolidated Aircraft Corp. , J\ily 12, 19lj.O. 
Effect of second step, porpoising. 

t 

74 . Parkinson, John B. , Bell, Joe W. , and Olson, 

Roland E. s Additional Tank Tests of l/ 8 -Full- 
Slze Dynamic Model of Consolidated PB2Y-3 Flying 
Boat - NACA Model ll 6 E-2, Etc. NACA MR, 

Bur. Aero., May 15 , 191+2. Depth of step, plan 
form of step, spoilers on forebody, spray strips, 
chines on tail extension, skegs and fins on tall 
extension (for directional stability), tip floats. 

75* Parkinson, John B. , and Benson, James M. : Tank Tests 

of a 1/8 Full-Size Dynamic Model of the Consolidated 
PB2Y-3 Flying Boat - NACA Model ll 6 . NACA MR, 

Bur. Aero., Dec. 13, 19l+°* Aerodynamics, oenter- 
of-gravity limits and trim limits of the conven- 
tional type. Model without power facilities. 

76 . Parkinson, John B. , and Dawson, John R.: Tank Tdsts 

of N.A.C.A. Model lj.0 Series of Hulls for Small 
Flying Boats and Amphibians. NACA Rep. No. 51+3 , 
1936» Resistance, spray, take-off. 

77 * Parkinson, John B. , and Land, Norman S.: The Landing 

Stability of a Powered Dynamic Model of a Flying 
Boat with a 3°° V-Step and with Two Depths of 
Transverse Step. NACA RB No. 1+B11+, 19ul+. Longi- 
tudinal stability (landing), form of step. 

78 . Parkinson, John B. , and Olson, Roland E. : Tank Tests 

of a 1/5 Full-Size Dynamically Similar Model of 
the Army OA-9 Amphibian with Motor- Driven Pro- 
pellers - NACA Model 117» NACA ARR, Deo. 191+1* 
Effect of power, longitudinal stability, spray. 
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71. Parkinson, John B. s Notes on the Skipping of Sea- 

planes. NACA RB No. 3127# 1943* Skipping, 
ventilation, depth of step. 

72. Parkinson, John B. : Tank Tests of Auxiliary Vanes 

as a Substitute for Planing Area. NACA TN No. I 4 . 9 O, 
1934* Resistance, hydrofoils (used as stub wings). 

*73. Parkinson, John B . 1 Tank Tests of the 1/8 Full-Size 
Dynamic Model of the Consolidated Model 31 Flying 
Boat with a Second Step - N.A.C.A. Model 110-M. 

NACA MR, Consolidated Aircraft Corp. , July 12, 1940 . 
Effect of second step, porpoising. 

4* 1 

7k* Parkinson, John B. , Bell, Joe W. , and Olson, 

Roland E. : Additional Tank Tests of 1 / 8 -Full- 

Size Dynamic Model of Consolidated PB2Y-3 Flying 
Boat - NACA Model 11 6 E-2, Etc. NACA MR, 

Bur. Aero., May 15 , 19i|2. Depth of step, plan 
form of step, spoilers on forebody, spray strips, 
chines on tail extension, skegs and fins on tail 
extension (for directional stability), tip floats. 

75* Parkinson, John B. , and Benson, James M. ; Tank Tests 

of a l /8 Full-Size Dynamic Model of the Consolidated 
PB2Y-3 Flying Boat - NACA Model ll 6 . NACA MR, 

Bur. Aero., Dec. 13, 1940. Aerodynamics, center- 
of-gravity limits and trim limits of the conven- 
tional type. Model without power facilities. 

76 . Parkinson, John B. , and Dawson, John R.: Tank Tbsts 

of N.A.C.A. Model lj.0 Series of Hulls for Small 
Flying Boats and Amphibians. NACA Rep. No. 543# 
1936» Resistance, spray, take-off. 

77. Parkinson, John B. , and Land, Norman S.s The Landing 

Stability of a Powered Dynamic Model of a Flying 
Boat with a 3°° V-Step and with Two Depths of 
Transverse Step. NACA RB No. lj.Bllj., 19 u 4» Longi- 
tudinal stability (landing), form of step. 

78 . Parkinson, John B. , and Olson, Roland E. s Tank Tests 

of a 1/5 Full-Size Dynamically Similar Model of 
the Army OA-9 Amphibian with Motor- Driven Pro- 
pellers - NACA Model 117* NACA ARR, Dec. 1941* 
Effect of power, longitudinal stability, spray. 
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FLYING- BOAT HULLS 

79 • Parkinson, J 6 hn'B.“, Olson,' Roland- E* i -Dr a-ley, Eugene C. 
and Luoma, Arvo A. s Aerodynamic and Hydrodynamio 
Tests of a Family of Models of Flying- Boat Halls 
Derived from a Streamline Body - NACA Model QI 4 . 
Series. NACA ARR No. 3H5* 1943* Resistance, 
height of bow, height of stem, ohlne flare, depth 
of step, angle of dead rise (special), air drag, 
angle of afterbody keel, rounding of chines at 
bow, stability, spray. 

80. Perelmuter, A.: On the Detennlnatlon of the Take-Off 

Characteristics of a Seaplane. NACA TM No. 863 , 
1938. 

8 1. Perrlng, W. G. A., and Hutchinson, J. L. s Full Scale 

and Model Porpoising Tests of the Singapore IIo. 

R. & M. No. 1712, British A.R.C., 193°* Scale 
effect, porpoising period, longitudinal stability. 

82. Pierson, John D. : Directional Stability of Flying 

Boat Hulls during Taxiing. Jour. Aero. Sci., 
vol. 11, no. 3 , July I 9 I+ 4 , pp. 169-195* Yawing, 
chine strips, skegs, side steps on afterbody. 

85 . Rohrbach, Adolf K. : Flying Boat Design. Aero. 

Engineering, Trans. A.S.M.E., vol. 2, no. Ij., 

Oct. -Dec. 1930* up. 285 - 288 . Design practice, 
lateral stabilizers, waves. 

8 I 4 .. Round. ant zeva, E.: Wind-Tunnel Tests with Airplane 

Fuselages and Flying-Boat Hulls. Rep. No. 190, 
Trans. C.A.H.I. (Moscow), 1935* Air drag of hulls, 
yawing, aerodynamic forces, 

85 * Rumpler, E.: Design and Development of Seaplanes for 

Transatlantic Service. Aero. Engineering, 

Trans. A.S.M.E., vol. 3# no. Oct. -Deo. 1931* 
pp. 127-137* Twin-hull flying boat, design con- 
siderations, resistance. Jet-assisted take-offs, 
trim control. 

86 , Sohro'der, P.s Determination of Resistance and 

Trimming Moment of Planing Water Craft. NACA 
TM No. 619 , 1931. Method of extrapolating 
resistance. 
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PLYING -BOAT HULLS 

87 . Schuettel, Frederick P. : Soros Aspects of the Seaplane. 

Aero. Engineering, Trans. A.S.M.E., vol. 3 * no.. U, 
Oct. -Dec. 1931» pp* 139 -li| 8 . Seaworthiness, 
beaching methods, general. 

88 . Shoemaker, James M. , and Bell,- Joe W. : Complete Tank 

Testa of Two Flying-Boat Hulls with Pointed Steps - 
N.A.C.A. Models 22-A and 35'. NACA TN No. 50ij., 

193ll.. Resistance, spray, take-off, pointed step. 

89 . Shoemaker, James M. , and Dawson, John R. : The Effect 

of Trim Angle on the Take-Off Performance of a 
Flying Boat. NACA TN No. J+ 86 , 193^-* Resistance, 
effect of trim on resistance, pilot technique, 
trim indicator. 

90 . Shoemaker, James M. , and Parkinson, John B. : A Com- 

plete Tank Test of a Model of a Flying-Boat Hull - 
N.A.C.A. Model No. 11. NACA TN No. L' 6 ii, 1933.. 
Resistance, testing technique. 

91. Shoemaker, James M. , and Parkinson, John B. r Tank 

Tests of a Family of Flying-Boat Hulls. NACA 
TN No. £01, 19314 .. Length-beam ratio, resistance. 

92. SikorBky, Igor I.: The Development and Characteristics 

of a Long-Range Flying Bqat (The S— 1*2 ) . 

Jour. R.A.S., vol. XXXIX, no. 292, April 1935 , 
pp. 263 - 281 . Discussion of practical design 
and operation of this flying boat. 

93« Smith, A. G. , and White, H. G. : A Review of Por- 

poising Instability of Seaplanes. Rep. 

No. H/Ees/173 * British Marine Aircraft Experi- 
mental Establishment, Feb. 29 , 19^4* Longi- 
tudinal stability, step fairings, depth of step, 
full scale, flaps, testing technique (RAE, MAEE, 
NACA), power, ventilation, radius of gyration. 

An extensive bibliography is Included. 

9 I 4 . Sokolov, N. A.: Hydrodynamic Properties of Planing 

Surfaces and Flying Boats. Rep. No. 1 I 4 . 9 » 

Trans. C.A.H.I. (Moscow), 1932* 

95* Stout, Ernest G. : Experimental Determination of Hull 

Displacement. Aviation, vol. 43» no. kt April 19£|ij-» 
pp. 121-123. Static tests of models, flooding 
tests and calculations. 
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FLYING-BOAT NULLS 

96« Stout, Ernest G. s Takeoff Analysis for Flying Boats 
and Seaplanes. Part I. Aviation, vol. 14.3* no. 8 , 
Aug. 19w, PP- 150-153, . Take-off. 

*97. Thornburg, F. L. , and Maloney, P. R. : Report on 

Summary of Dynamic Tank Tests of a 1/10-Full 
Scale Model of the XPB3Y-1 Airplane at the 
N.A.C.A. Towing Basin, September-Ootober 19l|2. 

Rep. No. ZH-34-004, Consolidated Aircraft Corp. , 
Nov. 13 , 19 i 42 . 

98. Trusoott, Starrs The Effect of Spray Strips on the 
Take-Off Performance, of a Model of a Flying-Boat 
Hull. NACA Rep. No. 503* 193^4-- Resistance, 
spray strips, spray. 

#99* Trusoott, Starr, and Daniels, Charles J. : Investi- 

gation of the Effect of Ventilation on the Flow 
of Water over a Rounded Chine. NACA RB, Feb. 19^4-3- 
Rounding of chines, ventilation (chine), spray. 

100. Trusoott, Starr, and Olson, Roland E. s The Longi- 

tudinal Stability of Flying Boats as Determined 
by Tests of Models in the NACA Tank. II - Effect 
of Variations in Form of Hull on Longitudinal 
Stability. NACA ARR, Nov. I9I42. Longitudinal 
stability (trim limits), center-of -gravity posi- 
tions, position of step, depth of step, length 
of afterbody, gross load, plan form of step, 
angle of afterbody keel, angle of dead rise, 
ventilation. 

101. Trusoott, Starr, and Parkinson, J. B. : The Increase 

In Frictional Resistance Caused by Various Types 
of Rivet Heads as Determined by Tests of Planing 
Surfaces. NACA TN No. 6J4.8, 1938* Rivet heads, 
frictional resistance. 

102. Trusoott, Starr, Parkinson, J. B. , Ebert, John W., Jr., 

and Valentine, E. Floyds Hydrodynamio and Aero- 
dynamic Tests of Models of Flying- Boat Hulls 
Designed for Low Aerodynamic Drag - N.A.C.A. 

Models 7J4., 74- A, and 75 . NACA TN No. 668 , 1938. 
Resistance, air drag, spray. 

10 3 . Ward, Kenneth E. : Hydrodynamio Tests in the N.A.C.A. 

Tank of a Model of the Hull of the Short 
Calcutta Flying Boat. NACA TN No. 590, 1937* 
Resistance, spray, take-off comparisons. 
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PLYING- BOAT HULLS 

10k* Ward, Kenneth E. : A New Method of Studying the 

Flow of the Water along th9 Bottom of a Model 
of a Plying- Boat Hull. NACA TN No. 7k9, 19kO. 
Action of step, flow of water at the step, 
depth of step, resistance, photography of flow, 
ventilation. 

*105. Wolfe, C. M. s Longitudinal Stability of the Sea- 
plane Model XPBB-1 in the Planing Condition. 

Rep. No. D-k020, Boeing’ Aircraft Co., May l6, 19k2. 
Longitudinal stability (lower trim limit), 
effect of shape of wetted area. 

See also references 138, 139 * lkO* 2I13, 25 k* 256 # 

260 , and 26 k* 
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. .PLANING' 8T3REACES-.-: .■ - 


106. Benson, James M. t The Porpoising Characteristics of 
a Planing Surface Representing the Fore body of a 
Flying-Boat Hull. NACA ARR, May 1942. Planing 
surfaces, longitudinal stability (trim limits), 
moment of inertia, location of center of gravity, 
tail area, radius of gyration, wing. 

107> Benson, James M. , and Frelhofner, Anton: Methods 

and Charts for Computing Stability Derivatives 
of aV-Bottam Planing Surfaoe. NACA ARR No. 3L08, 
19 Il 3 - Angle of dead rise, stability derivatives, 
theory of porpoising. 

108. Benson, James M. , and Klein, Milton M. : The Effect 

of Dead Rise xipon the High-Angle Porpoising 
Characteristics of Two Planing Surfaces in 
Tandem. NACA APR No. 3F3°» 1943* Planing sur- 
faces, depth of step, longitudinal stability 
(trim limits), angle of dead rise. 

109 . Benson, James M. , and Lina, Lindsay J. : The Effect 

of Dead Rise upon the Low -Angle Type of Por- 
poising. NACA ARR, Oct. 1942* Planing surface, 
angle of dead rise, longitudinal stability (trim 
limits), complex transverse sections. 

110. Bollay, William: A Contribution to the Theory of 

Planing Surfaces. Proo. Fifth Int. Cong, Appl. 
Msoh. (Cambridge, Mass., 1938 )# John Wiley & Sons, 
Inc., 1939# PP» 474-477 • Planing surfaoes 
( theory) . 

111. Green, A. E. : The Gliding of a Plate on a Stream 

of Finite Depth. Proo. Cambridge Phil. Soo., ' 
vol. XXXI, Oct. 1935, pp. 589-603; and Part II, 
vol. XXXII, pt. I, Jan. 1936, pp. 67 - 85 . 

Planing theory. 

112. Green, A. E. : Note on the Gliding of a Plate on the 

Surfaoe of a Stream. Proo. Cambridge Phil. Soo., 
vol. XXXII, pt. 2, May 1936 , pp. 248-252. 

Planing theory. 
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113. 

11U. 

115. 

116. 

117. 

118. 

119. 


PLANING SURFACES 

Perelmuter, A. s On the Profile of the Disturbed 
Water Surface of a Planing Plate. TN No. ij.8, 
C.A.H.I. (Moscow), 1935* 

Perring, W. G. A.-, and Johnston, L. s Hydrodynamic 
Forces and Moments on a Simple Planing Surface 
and on a Flying Boat Hull. R. &- M. No. l6k6* 
British A. R.C. , 1935* Planing surfaces, 
resistance. 

Sambraus, A.: Planing- Surf ace Tests at Large Froude 

Numbers - Airfoil Comparison. NACA TM No. 8I4.8, 
1938. Planing surfaces, resistance. 

Shoemaker, James M. : Tank Tests of Flat and V-Bottom 

Planing Surfaces. NACA TN No. 5^9* 193^» 

Planing surfaces, design data for planing, angle 
of dead rise. 

Sottorf, W. s Analysis of Experimental Investigations 
of the Planing Process on the Surface of Water. 
NACA TM No. 106l, 19^1 • Resistance, planing 
surface, scale effect, spray, pressure distribu- 
tion. 

Sottorf, W. s Experiments with Planing Surfaces. 

NACA TM No. 66l, 1932. Planing surface, scale 
effect, resistance, testing technique, skin 
friction. 

Sottorf, V/. s Experiments with Planing Surfaces. 

NACA TM No. 739, 1934* Planing surface, 
resistance, scale effect, spray, boundary layer, 
angle of dead rise, chine flare, longitudinal 
curvature, pressure distribution-. 


See also reference 12. 
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SEAPLANE FLOATS 


120. Anon.t Airplane Airworthiness. Pt. 04 of Civil 

Aero. Manual, CAA, U.S. Dept; Commerce, 

Feb. 1, 19Ul> 

121. Anon.: Airplane Airworthiness. Pt. Oh. of Civil 

Air Regulations, Bur. Air Commerce, U.S. Dept. 
Commerce, Nov. 1, 1957* 

122. Anon.: Twin-Float Seaplanes. Aircraft Engineering, 

vol. V, no. 49* March 1935* PP» 54“ 5 6 . Con- 
verting landplane Into seaplane. 

123. Bell, Joe W. : Tank Tests of Two Floats for High- 

Speed Seaplanes. NACA TN No. 473 1 1933* 
Resistance, twin floats (test of one). 

12lj. Blllett, H. : Tank Tests on Special Clean-Running 

Floats for a Twin Float Seaplane. Rep. No. 

Aero 1719* British R. A.E. , Dec. 1941- Twin 
floats, spray, asymmetrical forms, air drag, 
resistance, yawing. 

“^ 125 . Bladen, D. H. : Method of Computing Corresponding 

Speeds, Loads and Resistances of Planing Bodies. 
Rep. No. £39» Edo Aircraft Corp. , Dec. 23* 194l» 
Analysis of tank tests, resistance, seaplane 
floats. 

*126. Bladen, D. H. : Study of Change in Water Resistance 

due to Change of Trim. Rep. No. 831, Edo Air- 
craft Corp., Nov. 6, 194l‘ Effect of tilm on 
resistance, seaplane floats. 

127. Conway, Robert N. , and Maynard, Jhlian D.: Wind- 

Tunnel Tests of Four Full-Scale Seaplane Floats. 
NACA ARR No. 3^15 » 1943* Air drag, rivet heads, 
surface roughness, floats (full-scale), step 
fairings. 

. Cowley, W. L. : Tunnel Tests on High-Speed Seaplanes. 

Aircraft Engineering, vol. II, no. 20, Oct. 1930* 
pp. 247-248. Air drag (float seaplanes). 
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129. 

130. 

131. 

132. 
133. 

13K. 

135. 

* 136 . 

137. 


SEAPLANE FLOATS 

Cowley, W. L. , end Others: 192? Schneider Trophy 

Contest - Collected Reports on British High Speed 
Aircraft (Introduction by W. L. Cowley). 

R. fttf. No. 1300, British A.R.C., 1931* 

Eula, Antonio: Hydro dynamic Tests of Models of 

Seaplane Floats. NACA TM No. 770, 1935* This 
report contains the results of tank tests carried 
out at free -to-t rim- conditions on 17 hulls and 
floats of various types. One specific conclusion 
is that the best models have a maximum relative 
resistance not exceeding 20 percent of the total 
weight. 

Gothert, B. , and Ribnitz, W. : Der Luft wider stand 

von Schwimmem und Flugbooten. Luftwlssen, 

Bd. 6, Nr. 3, March 1939* PP- 101-107. (Available 
as British Air Ministry Translation No. 10^2. ) 

Air drag, form, step. 

Hermann, H. : Seaplane Floats and Hulls. Part I. 

NACA TM No. Ii26, 1927* General discussion of 
early seaplanes. 

Herrmann, H. : Seaplane Floats and Hulls. Part II. 

NACA TM No. ii27, 1927* Discussion of structural 
design and performance, discussion of tip floats 
and their failures. 

Herrmann, H. , Kemof, G. , and Eloess, H. : Tank Tests 

of Twin Seaplane Floats. NACA TM No. lj. 86 , 1928 . 
Twin floats, track (distance between floats), 
resistance, scale-effect, maneuverability , spray, 
tanks ( HSVA) , angle of dead rise. 

Meyer, L. : Dimensions of Twin Seaplane Floats. 

NACA TM No. 719 » 1933* Twin floats, design 
oon s i de rati on s . 

Miller, J. W. : Report on VSO Seaplane Studies. 

Rep. No. X01-1229, Lockheed Aircraft Corp., 

Aug. 19, 19 Mj.. Design of seaplanes, spray, 
length- be am ratio. 

Parkinson, H. : Notes on the Design of Twin Seaplane 

Floats. The Aircraft Engineer, supp. to Flight, 
vol. XXV, no. 126l, Feb. 23, 1933, PP« 12-lij.. 

Twin floats, track (distance between floats). 
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SEAPLANE FLOATS 

138 . Parkinson, John. B.:.. Tank Teats to Show the Effeot 

of Rivet Heads on the Water Performance of a 
Seaplane Float. NACA TN No. 657* 1938* Rivets 
and surface roughness, frictional resistance. 

139. Parkinson, J. B. , and House, R. O.s Eydrodynamio 

and Aerodynamic Tests of Models of Floats for 
Single-Float Seaplanes. N.A.C.A. Models Ll-D, 
6 l-A, 73, and 73-A. NACA TN No. 656 , 

1938 . Resistance, spray, step (pointed and 
transverse forms, fairing), air drag. 

lij.0. Parkinson, John B. , Olson, Roland E. , and House, 
Rufus, 0.: Hydrodynamic and Aerodynamic Tests 

of a Family of Models of Seaplane Floats with 
Varying Angles of Dead Rise. N.A.C.A. 

Models 57-A, 57-B, and 57 -C. NACA TN No. 716 , 

1939. Angle of dead rise, resistance, air drag, 
spray, spray strips. 

II 4 J.. Richardson, Holden C.: Aircraft Float Design. 

The Ronald Press Co., 1928. Design of floats, 
spray, fora, stability, action of step, resistance 

1 \\ 2 ., Seewald, Friedrich: On Floats and Float Tests. 

NACA TM No. 639» 1931* General, resistance, 
impact , longitudinal steps, take-off, boundary 
layer, spray. 

llj. 3 . Sottorf, W. : The Design of Floats. NACA TM No. 860 

1938. Length-beam ratio, design of floats, angle 
of dead rise, resistance. 

II 4 J 4 .. Thompson, F. L. : Water Pressure Distribution on a 

Twin-Float Seaplane. NACA Rep. No. 328 , 1929* 

'**llj.5» Wilson, Herbert A., Jr., and Lipson, Stanley: 
Clean-Up Tests of the SC-1 Airplane in the 
Langley Full-Scale Tunnel - TED No. NaCA 23^8. 
NACA MR No. L5A31a, Bur. Aero., 19^5* A3- 1 * drag 

of main float and tip floats. 

See also references 57 , 15 I 1 , and 256 


68 


NACA ACR' No. L5G28 


LATERAL STABILIZERS 


*13:6. Allison, John M. : Tank Tests of a Model of the Hull 

of the Boeing 31 4 Plying Boat (N.A.C.A. Tank 
Model 72). NACA MR, Sept. 16 , 1936 . Tank tests 
of irodal with stub wings, technique of recording 
direction of flow along bottom. 

lJj. 7 . Anon.: Specification for Transverse Stability of 

Seaplanes - Displacement end Location of 
Auxiliary Floats . NAVAER SR-59C (superseding 
SR-59B) , Bur. Aero., Feb. 20, 19u2. Submerged 
displacement, dynamic lift, vertical location 
of tip floats. 

1I4.8. Anon.: Transverse Stability of Seaplanes. Air- 

craft Engineering, vol. VL, no. 57 » Nov. 1933 . 
pp. 271-273* Track (distance between floats), 
twin float, static transverse stability. 

*llj9. Bell, Joe W. , and Benson, James K. j Tank Tests of 
the Martin No. I 56 Flying-Boat Model (N.A.C.A. 
Tank Model 70)* NACA MR, Aug. 7 j 193 o. General 
tests of model with stub wings, effects of vari- 
ations In position of stub ’wings, records of 
direction of flow along the bottom. 

‘ Jfr l50. Benson, James M. : The Value of Retracting Wing- Tip 

Floats on Flying Boats Compared with That of 
Retracting the Landing Gear on Landplanes. 

NACA MR, Bur. Aero., June 5* 19^. Air drag, 
tip floats, methods of retraction. 

151. Ccombes, L. P., and Bottle, D. W. : Notes on Stubs 

for Seaolanes. R. & K. No. 1755* British A.R.C., 
1936. 

■** 152 . Dawson, John R. , end Drumwrl$it, Arthur L.: Tank 

Tests of Modifications of a Model of the 
PBY-Type Outboard Float - NACA Model lOij. Series. 
NACA MR, Bur. Aero., April 2 3, 19^1* Tip floats, 
hydrofoils, hydrodynamic lift. 

153* Dawson, John R. , and Hartman, Edwin P. : Hydrodynamio 

and Aerodynamic Tests of Four Models of Outboard 
Floats (N.A.C.A. Models 51-A, 51 -B, 51-C, 
and 51-D). NACA TN No. 678 , 1938 . Tip floats, 
resistance, air drag, spray, yawing. 
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LATERAL STABILIZERS 

-. 15 ];. Diehl, W. S.s Static Stability of Seaplane Floats 
and Hulls. NACA TN No. 183 , 192];. Twin floats, 
lateral stability. 

155* Fehlner, Leo F. : Some Design Crlterlons for 

Wing- Tip Floats. NACA MR No. L5H02, Bur. Aero., 
19^5 • Analysis of design oriterions, structural 
deflection due to loads- on tip float. 


156 . Gouge, A.: The Design of Seaplanes. Aircraft 

Engineering, vol. II, no. 18, Aug. 193°* 
pp. 202-206. Tip floats, stub wings, twin 
float, design of float structure. 

157. Jacods, Eastman N.: Effect of Protruding Gas Tanks 

upon the Characteristics of an Airfoil. NACA 
TN No. 2l;9» 1926. Useful for estimating air 
drag of partially retracted tip floats. 

158 . Jones, R., Brown, A. F., and Niles, C. J. W. : 

Experiments in the Compressed Air Tunnel on the 
Aerofoil N.A.C.A. 23012 with Various Protuberances. 
5661 (Ae. 1938 Revised), British A.R.C., 

March 5» 1942. Of Interest in the retraction 
of tip floats. 

#159* King, Douglas A.; Preliminary Tank Tests of an 

Outboard Float Having the Form of a Streamline 
Body of Revolution Fitted with a Hydrofoil. 

NACA ACR No. li^X) 6 , Tip floats, hydro- 

foils, lift, resistance. 

*l60. King, Douglas A. s Tank Tests of a Model of the 
PBY-Iype Outboard Float with Hydrofoils. 

NACA MR, Bur. Aero., Dec. l 6 , I 9 L. 3 . Tip floats, 
hydrofoils, lift, resistance. 

1 6 1. Llewelyn-Davies , D. I. T. P, • Tank Tests on a 

Streamlined Wing Tip Float with a Hydrofoil 
Attached. Rep. No. Aero 1910, British R.A.E., 

Feb. 19M±* Tip floats (streamline body with 
hydrofoil), air drag (tip floats). 

162. Matthews, Annie Marys Comparison of Current 

Specifications with Actual Static Transverse 
Stability of 15 Flying Boats. (NACA paper - 
to be considered for publication as RBj 
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LATERAL STABILIZERS 

* 163 . Ward, Kenneth E. , and Olson, Roland E.: Dynamic? 

Tests of a Model of the Boeing 3 lU- Plying Boat - 
N.A.C.A. Model 108. NACA MR, Boeing Air- 
craft Co., May l6, 19i|0. Stability tests with 
and without stub wings. 

*l6I(.. Zeck, Howard: Hydrodynamio Lift Characteristics of 

Three 1/10-Size Models of Outboard Floats for the 
HK-1 Cargo Flying Boat. NACA MR, Dept. Commerce, 
Aug. 19, 19Wj* Tip floats, hydrodynamio lift. 

See also references 6, 18, $2, 51 * 59 * 7k* 2 kk * 
and 251 . 
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AERODYNAMIC AND PROPULSIVE CONSHERATIONS- 


■**165^ Hofeller, G. W. : Summary Plight Report - 

■ - Model PB2Y-3 Airplane No. 7°51« Assisted Take- 
Offs with Jet Propulsion. Rep. No. ZA-29-027* 
Consolidated Vultee Aircraft Corp., March 8, 1941|.« 
Jet-assisted take-offs* spray* operation and 
design of jet motors. 

166. Land, Norman S. s Effect of Powered Propellers on 
the Aerodynamic Characteristics and the Por- 
poising Stability of a Dynamio Model of a Long- 
Range Flying Boat. NACA RB No. 3E13* 19^4-5 - 
Longitudinal stability ( cents r-of -gravity limits), 
powered propellers, aerodynamics. 

167 * Olson, R. E., and Allison, J. M. : The Calculated 

Effect of Various Hydrodynamic and Aerodynamio 
Factors on the Take-Off of a Large Flying Boat. 
NACA Rep. No. 702, 19lj.O. Take-off (calculated), 
flaps, resistance, wing setting (incidence), 
aspect ratio. 

168. Parkinson, J. B. , and Bell, J. W. : The Calculated 

Effect of Trai ling-Edge Flaps on the Take-Off of 
Flying Boats. NACA TN No. 510, I 93 I+. Effect of 
flaps on take-off. 

169. Purser, Paul E. , snd Campbell, John P.: Experi- 

mental Verification of a Simplified Vee-Tail 
Theory and Analysis of Available Data on Com- 
plete Models with Vee Tails. NACA ACR No. L5AO3, 
I9I4 5. Of interest regarding spray clearance. 

170. Shaw, R. A. : The Effect of Flaps on the Take-Off 

of Flying Boats. Part I. Tests on the Saro 37* 
Rep. No. H/Res/lij.3, British Marine Airoraft 
Experimental Establishment, Jhly 19^1. Flaps, 
yawing, take-off, pilot technique, full scale. 

171» Wenzinger, Carl, J,,. and Bowen, John D. s Tests of 

Round and Flat Spoilers on a Tapered Wing in the 
NACA 19-Foot Pressure Wind Tunnel. NACA TN 
No. 801, 194l» Aerodynamics, mooring aid. 

See also references 20, 30, I4 .6 , 1j7* 53 » 78* 97* 

106, 176, and 25i|.. 
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Hull - NACA Models 157A and I57B. NACA MR, The 
Aeronautical Board, March Jl, 1943* Tunnel 
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173* Cox, H. Roxbee, and Coombes, L. P. : The Hull-less 

Flying-Boat, The Aeroolane, vol. LITI, no. 1384, 
Dec. 1, 193 7* PP* 677-^80 • 

*174. Daniels, Charles J. : Tank Tests of 1/lO-Full-Size 
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Float-Wing Glider - NACA Model ll+O. NACA MR, 
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*175, Daniels, Charles J. : Tank Tests of l/lO -Full- Size 
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plane Gilder - NACA Model 133. NACA MR, Bur. Aero., 
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176. Dawson, John R. , and Wadlin, Kenneth L. : Preliminary 

Tank Tests with Flaning-Tail Seaplane Hulls. 
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stability, resistance. 

*177* Land, Norman S. , and Woodward, David F-. : Spray and 

Stability Characteristics of a Dynamic Model of 
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Bottoms - NACA Models I65B and 165C. NACA MR, 
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178. Locke, F. W. S. , Jr., and Barklie, Jean A.: Tank 

Tests on the Resistance and Porpoising Charac- 
teristics of Three Flying-Boat Hull Models 
Equipped with Planing Flaps, NACA ARR No. kfiJO, 
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Aokeret, J. : Experimental and Theoretical Investi- 

gations of Cavitation in Water. NACA TH 
No. IO 78 , 19^5. 

Benson, James M., and King, Douglas A. 1 Preliminary 

• Tests to Determine the Dynamic Stability Charac- 
teristics of Various Hydrofoil Systems for Sea- 
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Benson, James M., and Land, Norman S. : An Investiga- 

tion of Hydrofoils In the NACA Tank. I - Effect 
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' ! Bras d'Or Lakes. Reprinted from Smithsonian 
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*201. Ward, Kenneth E., and Land, Norman S..: Preliminary 

Tests in the NACA Tank to Investigate the 
Fundamental Characteristics of Hydrcfoile. - ' • 1 ' • 
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204» Benson, ■ James M. : Filoting of Plying Boats with 

Special Reference to Porpoising and Skipping. 
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203... Brimm, Daniel. J.,- Jr., s Seaplane's - Maneuvering,.- 
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209. Hutchinson, J. L. : Note on the Value of. Reversible 
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210. Locke, P. W. S., .Jr.: Preliminary Resistance Tests 
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Hull of the XPB2M-1 Plying Boat. Rep. No,- 193, 
Stevens Inst.. Tech. (NACA), Sept. lj' 1942* Depth of 
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211. Richardson, Holden C., Beall, Wellwood E., and. 
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?)|P . Welnig, P. : Impact of a. Vee-Type Seaplane on Water 

with Reference to Elasticity. NACA TM No. 8l0, 
1936 . The theory is extended to include elastlo 
floats by introducing the concept of equivalent 
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2 I 4 . 3 • Brooke, H. E.s- PB2Y-3 - Correlation of Towing Basin 
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250 



82 


NAG A ACR No. L5G28 
EXPERIMENTAL PROCEDURES 

251 . Gamer, H. M. , and Coombes, L. P. : Seaplane Hulls 

and Floats. Aircraft Engineering, vol. II, 
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25^. Locke, F. W. S. , Jr., and Bott, Helen L. : A Method 

for Making Quantitative Studies of the Main 
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